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PREFICE

This report contains a detailed discussion of the methods

and procedures used to determine the damping properties of com-

‘merically available polymeric materials. The work was done by

the University of Dayton Research Institute, Dayton, Ohio in
partial fulfillment of Air Force Contract Number F33615-76-C-5137
for the Materials Laboratory, Wright-Patterson Air Force Base,
Ohio. The project, task, and work unit numbers are 7351, 06, 88.

~ The work described was conducted during the period January 1976

through December 1979 under the general supervision of Mr. D, M.
Whitford, Supervisor of the Aerospace Mechanics Division, and
Mr, M. L. Drake, Principal Investigator. The tests were conducted

primarily by Mr. G. E. Terborg and Mr. J. Graham.

All the data from the testing is contained in the Appendices,

which include the bare beam results, the coated beam results, and

the temperature nomegram for each material tested.
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SECTION 1

INTRCODUCTION

: Vibratory energy is a source of acoustic and resonant

i fatigue faillures in aerospace structures. The proklem of how to
dissipate this encrgy has long been an i1mportant consideraticn in

aircraft design. It 1s well Kknown that wvolymeric materials with

-

high loss factors, when used in the form of a coating or in a

constralined-layer damping treatment, can considerably reduce
resonant vibration problems [1, 2], This report describes the

vibrating beam testing technlque used by the University of Dayton

Resecarch Institute (UDRT) to dctermine the dampina properties of
comimerically available materials, Accurate detersination ¢! these
pronerties is an essential first step in using damnping technelogy :

1o centrel aircraft design problems. :

This report has two main purposes. First the report explains

the vibrating beam test technivue, This step-by-step explanation 5

. (which appears as Section I1) includes test instrumentation and B
set-up, specimen criteria, specimen preparation, and data collec- -
tion procedures. Second, the report records the results of tests

o twentv-elght polymeric materials. Section I1TI of this report :

introduces these results., The data are included in the Appendices.




SECTION I1

VIBRATING BEAM TUSTING THIHENIOUD

The following information is a step-by-step cxplanation of

how to set

vy and conduct vibrating beam toests,

2.1 SETUP TR TEST

2.1.1 Select Test Instruments

The instruments used 1n a typical UDRT vibrating

beam test are shown in Prgurce 1. This sct-upr can bhe used o test
four types of specimen beams: uniform; "Oberst;" "moditiced Oberst:”

and, sandwich. Kach of these beams 1s shown in Fiogure

A continuous sine sweep oscillator s usesd to oxclte
an Llectro 3030HTE transducer (manufactured by lllectro Corporation,
Sarasota, Flerida). The transducer excites the specimen bear:.
Responses are picked upy by an IBndewveo B22 minitature acceleorornetor
{manufactured by Endevco Corporation, San Juan Capistraro,
California). An oscilloscope is used to monitor both excitatiun

and response wave forms durino the tests.

b}

The UDRI test set-up 1ncorporates an N-y plotter,
used to plot response spect:n .raphs comprised of transversce

acceleration versus freqguen = and to note resonant freguencics

(fn) and half-power bandwidths (Afn) for selected tempeoraturos,
Thesec measurements are used to calculate the complex Youna's

modulus Ey (1 + irn) for an applicd layer of damping material, or

D

the shear modulus GD (1 + in6) for damping matcerial in the core

of a sandwich beam. The measurements must be taken carerully

because small errors in measured quantitites can lecad to very

large errors in the calculated valucs of CD and n! or T_ and -,

)
D D D’

Advantages of this test sct-up method include: (a) the

system is rcasonably simple to use; (b) errors can be asscsscod

and kept within limits; (<) a sinagle specimen can be usced to caver

Ll

a wide band of frequencies and temperatures. A disadvantase of

this method is that only low strain level data can be obtainced.

I,
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Figurce 2. Vibrating Beam Test Svecimens.,




2.1.2 Select Appropriate Specimen Beams

Selecting the appropriate specimen beam for testing
a particular material depends on the following criteria:

(a) The uniform beam is used for stiff materials,
such as epoxies and plastics, which are self-supporting at ordinary
temperatures, that is, have Young's moduli E, greater than 10°
psi (6.89 x 10° N/m7),

(b) The "Oberst" (nonsymmutrical) or modificd Oberst
(symmetric) beams are used for materials in which }ED[ is between
10* 1b/in” (6.89 x 10° N/m”) and 10° 1b/in’ (6.89 » 10" N/m”). As
ED falls toward the lower limit, hD/h for these beams can increase.

(c) The symmetric sandwich beam 1s used for mater-
ials in which {ED! is between 10 1b/in” (6.89 = 10" N/m’) and
10% 1b/in" (6.89 x 10° N/wm?). Since the sandwich bcam relies on
shear of the damping material between two supporting beams, it

vields better results for this range of values of ED.

2.1.3 Review Sclution Equations

The following eguations are uscd to calculate the
value ot ED or GD for various materials, according to the specimen
beam used:

{a) For an "QOberst" beam (with dampinag material
coated on only one side of the beam), the complex Young's modulus

is derived from formulae developed originally by Oberst [3]).
These are:

A
r"DhD' fn " 1+ 2ne(2+ 3n+ 2n) + ¢°n"
2= 1+ ! - : = (1)
L oh_J L fon 1 + ne
22 = 34 “n+4n“+-2en7+-e:n3} (2)
i 14+ 2 2+3n+2n7) +e'n"
wvhere e = ED/E and n = hp/h. In these formulac, 27 is calculated
from the mecasurcd resonance freqguency (fn) of the nth mode of the

damped beam and the measured fregquency (fon) of the undamped bean;

(953
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e is then deduced from equation (1) and nDris calculated from

equation (2), this value of e, and the measured valuc of the modal

damping I In fact, after some algebraic manipulation, the tol-

lowing cquation for e in terms of 22 and n can be derived:

]

/2n,

| SE— |

@& = |[-(4+6n+4dn” - Zf)n-+vaﬁ4-6n+-4n2— z¢)2n” + An* (27-1)

These equations give reasonably accurate results
provided that 27 -1 = 0.1, If 27 < 1.0, the errer in e resulting
from an error in -? becomes prohibitively high.

(b) For a "modified Oberst"” becam (with damping
material coated symmetrically on both sides of the beam) the com-
plex Younyg's modulus is derived from formulae (2):

Ep

E(Z°-1) / [en?+ 12n” + 6n) (3)

Ny = % /(27 -1) (4)

where

a

Z.

(L4 2p, n/p) (F /£ 0

Again, the equaticns give recasonably accurate results whenever
27 - 1 £ 0.1,

(c¢) For the symmetrical sandwich becam, calculation
of values cf the shear modulus (GD) and the loss factor (nh) for
the damping material is based on a sct of cquations developed by
Ross, Kerwin, and Ungar [4]). In current notation the now classical

equations are:

ok 3 . *
TR Fh<h + hD) A S (5)

6 1+ 2g*

(EI)é =

when (EI); is the equivalent complex flexural rigidity of the

three-layer sandwich [ (ETI), (1 + inn)] and g* is the shecar

3
parameter given by:

G*x L”
g* = -—D»—,— (6)
Fhh ¢

=
e



Fquations (5) and (6) may be solved to give simple algebraic

equations for G, and nb, namely:

[{A-B) -2(A-13)?-2(An_)?)}[Ehh £?/L"]
G, = n U'n (7)
(1-2A+2B)?+4<A%9?

ny = A /[A-B-2(A- B} - Z(Ann)?], (8)
where
A= (fn/fon)' (2*‘“Dho /rh) (B/2), (9)
and
B = 1/6(1-+hD/h)?. (10)

For most polymeric materials in the rubbery and transition recgions,

ED v 3GD and n [51.

A, L}
D "D
For tests covered by this report, the first seven

eilgen values of the system are given by:

3.515

22.0345

faal Pas)
SN =N

= 61.6970

Naal

WD O N SN WwiN

el

= 120.902 (11)

Mal

= 199.866

Fhal

= 298.560

ol

= 416.990

The eigen values define the relationship between the resonant
frerquencies of the uncoated individual beams and the modulus B

by the classical relationship

Ah L °h 3 7} = K
i*hi on LY/(Eh}3/12) iy - (12)

o o

i s ot e A 1 s




2.1.4 Review Specimen Beam Criteria

To obtain satisfactory test results, specimen beams
must be prepared carefully. Paying careful attention to specimen
dimensions helps avoid machining difficulties and helps to insure
accurate test results: Figure 3 shows a typical bare beam, with

appropriate dimensions indicated.

Recomrmended materials for specimen beams depend on

the test temperatures. For low temperature tests (below 300°F or
149°C), aluminum or steel beams can be usced. Tt is important to
note that if a stiffer beam is used, clamping conditions become

more critical,

For high temperature tests (up to 2,000°F or 1,093°C),
steel or superalloy beams must be nsed.

Recommended beam dimensions are as follows:

Length of beam L=7 in+ 0.002 in (177.8 mm: 0.5 mm)

Length of beam root £ =1.125 in+* 1/64 in (28.58 mm*' 0.40 mm) '{3

Thickness of beam h20.05 in; hZ0.08 in: h+ 0.0005 in =
(1.778 mm +* 0.018 mm)

Thickness of root h = 0.25 in * 0.005 1n (6.35 nm * 0,12 mm)

Breadth of beam b=0.45 in+* 0.00} in (11.43 mm+ 0.03 mm)

Thickness of damp- hD\ 0.004 in (0.127 nm)

ing material layer

Tolerances are as stated., 1n sandwich beams, two
dimensions are particularly important., The tolerances for the
beam thickness (h) and the thickness of the damping material (hD)

should be carefully noted,

For sandwich beams, the thickness (h) should not be

less Lhan 0,05-inch (1,27 mm). Lese thickness is likely to cause

machining difficulties, and reduces the likelihood of well-matched
beam pairs. Tor effective sandwich beam tests, the two beams that
forin the matched pair must have resonant frequencices (fon) that
mateh within « 1,0 percent.  Pven small diffcrences in thickness
can lcad co large differences in resonant frequency. TFor exanple,

if a hypothetical Beam 1 had thickness hl = 0,070-inch + 0,0005,

bl

it el

ettt Bl
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and a hypothectical Beam 2 had thickness h2 = 0.070-inch - 0.00065,
the nth resonant frequency of cach bcam would differ by the ratio:

0.070 + 0.0005 _ 0.0705 _ | 5544
0.070 - 0.0005 0.0695 e

which represents a difference of over 1.4 percent. At a hypothect-

ical frequency fn = 1,000 11z, the difference in this casc could be

as high as 14 Hz, which is unacceptable.

for each pair of beams must fall within the above stated limits
Beams must be matched

Therefore, tolerances

at all points along cach beam in the pair.
in pairs as they are made, and a vibration test must be used to

verify this matching.

The thickness of the dampinag material D) should

Preferably the domping
it is difficult to control

(h

not be less than 0.004~inch (0.127 mm),
material should be thicker; otherwise,

the dimensions of the composite specimen beaw,

2.2 PRIPARE AND TEST BARE REAMS

N

2,2.1 Prepare Bare Beams

1t
{that

{a) Collect the batch of beams to be tested.

is best to test all beams in a particular machine shop batch
is, beams of egual geometric dimensions and metalluragical composi-

tion) together, and to plot data from these tests on the same sct

of graphs. This makes it casier to select matched pairs of beams

for sandwich beam specimens.
{b) Gluc a rectanaqular step block to the bottom

of the bare beam as shown in Figure 4. The step block should be

made of the same metal as the barc beam. The step block sheuld

width as the bare beam and the same Iength as the

be the same
root of the bare beam,

Mount the step block on the flat side of the beanm,

directly above the step joint. The front surface of the step

block must be in the same planc with the step
sides of the step block straight and parallel to tince boam.

joint, with the

10
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The glue used for all phases of the vibrating beam
test should be a good, guick-drying cyanoacrylate epoxy, such as
Loctite 404. This glue is effective for tests at temperatures
ranging from -50°F to +225°F (-46°C to +108°C). For testing at
greater temperature ranges a higher temperature glue should be
used, such as Loctite 306.

{(c) Glue the magnetic drive disk to the beam.

When non-magnetic beams are used, the high p excitation disk is
mounted near the root end of the beam to minimize the effect of
mass loading on the beam being tested. The excitation disk mass
is more than the accelerometer mass. Place the drive disk approx-
imately 1.25-inch (3.175 cm) from the beam root. This step is not
necessary if the test beam is made of a magnetic material which
will maintain its magnetic properties over the temperature range
of the test.

(d) Glue the accelerometer to the beam. Placce the
accelerometer approximately 0.125~inch (0.3175 cm) from the free
end of the beam,

(@) Place thermocouple in root o: the beam or on
the base plate of the fixture. Either location is acceptable,

(f) Place the bare beam in the test fixture as
shown in Figure 5. Make sure the front surface of the step joint
or root is clamped securely within the test fixture, and does
not protrude out of the fixture. Make sure the beam is perpen-
dicular to the front edge of the clamping block,

{(g) Check the system operation by taking f{requency
sweep and noting locations of resonant frequecies of the specimen
beam. Figure 6 shows typical response spectra. Tor good results,
each peak should be distinct, and should rise above the "backaground®
by 10 db or more. If the "rising" is less than 10 db, it may be

difficult to obtain satisfactory test data from a qgiven mode.

2.2.2 Test Bare Beams

() Take frequency scans between 10 Hz and 10 Kilz,
Test at temperature ranging from -100°F to +300°F (-73°C to +150°C).,

Take temperatures at intervals of 50°r (28°C).
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(b} Note rescnant frequencies for each mode. 1If
any interference modes, i.e., peaks in the response curve caused
7 by 60 cycle noise, external excitation, or instrumentation noise,
: avpear on the graph, verify the true resonance of the beam by
cowparing the vespective freanency raties to the respoective ratios
oI the eigen vatues,

(c) Plot the modal data points. Filrst divide the
center fregquencies of cach mod» (fon) by their respective elqaen
values (An). Then plot the result versus temperature tfor each
mede.

(d: Praw a line throudh all plotted data points,
This helps determine frejuencies for other unmeasured temperatures.

If sandwich beams arce to be prepared, continue with

the frllowing steps:
() Sclect matched pairs of beawms. "wo beams whose

characteristic curves lie very close together may be considered

a matched pair., Figure 7 shows typical data for a matched pair

Or beams.

{(f) Calculate the average natural frequency for
the sandwich beam pair (refer to Figure 7). First draw an "averaae
line" between the plets ¢©f the beams 1n the matched pair. Then
read a value from this line, at a given temperature, and multiply
this value by the respective eigen value. The result is the average

natural freguaency (fn) for the sandwich beam.

’mmmmmmemeMwmme

2.3 rREPARE SPECIMEN BEAMS

itk

2.35.1 Ssandwich Bcams

During all phases of beam preparatien, make sure

! MMWUMUW

the beam dimensions are not distorted and make surc the beam sur-

™

face stays clean and free of any contamination,

i

(a) Select a matched pair of beams usina the vro-

cess described above.
(b)Y Remove the step blocks from both the heams,

!
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and remove all adhesive from the beam root. Carefully scrape off
the adhesive with the edge of a razor knife.

(c) Place the beams on a solid flat surface (a glass
cleaning plate) as shown in Figure 8, Place the step joint over
the edge of the cleaning plate to prevent the beam from bending
and distorting during cleaning.

(d) Thoroughly clean both beams. Use a degreaser
such as methanol, and an abrasive cloth such as Scotchbrite. Remove
any surface oxidation and contaminaticn. Then wipe the beams with
a degreaser and a lint-free laboratory tissue. Continue wiping
until the tissue shows no discoloration. Avoid contaminating the
clean surfaces.

(e) Apply the polymeric material to one of the beams.
Do this immediately after cleaning the beam to assure good adhesion.
During this process make sure all air bubbles are removed from the
material,

{1) Place the polymeric material on the glass
cleaning plate. Then lay the beam down onto the material (see

Figure 9). This process usually eliminates any entrapped air.

{2) Press the material on solidly with a
rubber rcller, If any alr pockets are visible, use a sharp pointed
object to break the bubbles, and then use the roller to work the
air cut. Use a razor knife to trim any excess material from around
the beam,

(3) Remove excess material from the beam roct.
Use a razor knife and a straight cedge to make sure the polymeric
material is cut off on a line directly above the front edge of the
step joint. If any material extends into the beam root, remove it
and clean the root arca thorougnly. Figure 10 is a detailed assem-

bly diagram of a typical sandwich beam.

{f) Measure the polyreric material laver. 1f tho
layer i1s not thick enough, add material. (The thickness should Le
greater than 0.004-inch or 0.127 mm). To add material it is ecas-
iest tc stack onc layer on top of another on the same beam. It is

also possible to adhere matcrial to cach heam in the matched pair.

17
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Either method is acceptable as long as the resulting sandwich beam
has an even layer of material that is free of air bubbles.

(g) Glue a metal spacer to the beam ro~t as shown
in Figure 10. The spacer must be the same thickness as the layer
of material. The material should adhere to the leading edge of
the spacer.

(h) Finish the sandwich beam assembly as shown in

Figure 11,
(1) Place both beams on a glass plate,
{(2) Peel the top layer of release papaer off
the material,
(3) Spread a thin layer of glue on the exposed
side of the spacer.
(4) Place both weams on their sides.
(5) Hold the beams by the step roots.
{(6) Place the frece ends of the beams against
a heavy sguare metal block.
(7) Bring the free ends of the beams tcgether,
s0 the beams form a "V" with the free cnds
at the point of the "V".
(8) Carefully close the "V", bringing the
step roots of the becams towards each other
so the beams come together with sides in
parallel.
(i} Glue the magnetic drive disk to the completed
sandwich beamn., If the beams are non-magnetic in the temperature

range of the material test, place the drive disk approximately

1.25-1nch (3.2 cm) £rom the beam root (sec Fiaure 5).

(j} Glue the accelerometer to the completed sand-
wich beam. Place the acceclerometer approximately 0.125-inch (32 mm)

from the free end of the beam (see Figure 5).

{k) Place the thermocouple in the root of the beam.
If temperature measurements are made in this fashion, 1t is accept-

able to have a thermocouple attached to the basce plate.

h.. il it bl
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2.3.2 Free-Layer Beams : -

Prepare free-layer specimen bcams using the pro-

cedure described previously, with these exceptions: 7
(a) Do not remove the step block. _7£
(b) For an "Oherst" beam, adhere the polymeric

material layer to the bottom of the beam (see Figure 2). Glue

the drive disk and thec accelerometer to the top of the beam,
(c) For a "modified Oberst" beam, adhere the drive

disk and the accelerometer directly to the top layer of material. é

2.4 TESTING THE SPECIMEN BEAMS L

RBoth "digital" and "analog" systems can be used to generate
and handle data from vibrating beam tests, The tests reported
here used the analog technique. The advantace of a digital system
1s that test results can be fed dircctly into a computer, and
necessary mathematical operations can be performed at the time of
the vibrating becam test,

2.4.1 Carry Out Test Procedures

(a) DPlace the specimen beam in the test fixture.

Use the same process as was uscd for barce beam testing (see Scction
2.2,1).

(b} Check the system opcration by taking a fredquency
sweep and noting locations of resonant frequencics of the specimen
beam. Fiqure 12 shows typical response spectra., Tor good results,
cach pcak should be distinct and should risc above the "backaround”
by 10 db or more. If the "rising" is less than 10 db, it may be
difficult to obtain satisfactory test data {rom a given mode, This
is especially true if the peak is highly "unsymmetrical.,” If "pad"
points appear, attempt the following remedies:

(1) Integrate the acceleration siqgnal clec-
tronically. This procedure has the effoct
of looking at "velocity" instead of
"acceleroncter, "

(2) 1Try another pickup position on the beam,

23
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(3) Try another thickness of damping material
(generally smaller).

(4) Try filtering the output signal. CUse
this procedure very carefully, to avoid
obscuring a problem,

If no remedy 1s successful, the test data must be rejected.

(c) Conduct the tests. Measurce the resonant
frequency (fc) and the half-power bandwidths [fL (=3 db) and fR
(+3 db)] of modes 2, 3, 4, 5, 6, and 7. Measure freguenciges to
the second decimal point, and to a precision of * 0.1 Hz. Observe

at least two sample periods of the counter before writing down
the frequency.

Conduct the tests in an ordered scequence of selected
temperatures. Measure temperatures by using a thermocouple embed-
ded in the root of the specimen beam, or in the basce plate of the

test fixture as described previously.

Begin testing at room temperaturce. Take measurcments
dt. test points above room temperature at intervals of 265°F (13.8°C)Y,
Continue until the composite loss factor for the majority of modes
is below 0.62. For ecach test point monitor temperaturce until ther-
mal cquilibrium is recached; that is, until]l two successive temper-
ature recadings taken at one-minute intervals are within @ 2°F of
each other. After reaching thermal cquilibrium, allow a fifteen-

minute thermal soak before taking dynamic data,

If necessary (to tecst the maximum damping tempera-
ture), cool the specimen beam below room temperature. Continuce
measurements at decrecasing temperaturces until the loss factoer drops
below 0,02.

Use an osaillouscop2 to monjtor the excitalion and
response wavelorms. Tf a non-sinusoidal shape appears, roeject
the point and check the system., Responsce spectra should rosemble
the examples in Figure 12, Hote any spurioas peaks casused by
stray voltages (usually multiples of 60 112) or by {i=tur

resonancoes,




2.4.2 Check Possible Sources of Error

For vibrating beam testing, as for any measurement

technique, c¢rrors can arise from several sources. Errors in the

measured complex moduli of the polymeric material may be the

result of:
(a) Errors in specimen preparation, such as poor

adhesion, voids (air bubbles), joint damping in clamping fixture,

or non-uniform thicknesses.
{b) Errors in temperature control. The thermo-

couple may not indicate the specimen temperature accurately becausc

of thermal lag (insufficient time for reaching thermal equilibrium)

or because of non-uniform temperature distribution within the

specimen.

(c) Errors in measuring resonant frecquencies, as

a result of too high frequency sweep rate, mechanical relaxation

of the specimen, or low level signals (hence the need to always

monitor "input" and "output").
(d) Errors in measuring modal damping., Problems

could include closely spaced modes, extraneous damping sources

(such as damping in the clamp), or incorrect interpretation of

non-linear response as apparent increased damping.
(e} Error magnificatinn, becausc of unstablc
For example, in "Oberst" cquations (1)
and (4), the term
“7 » 1, this

regions in the equations.
and (2), and "modified Oberst'" equations (3)

(o7 = 1) I acts to maanify errors in " or . As

factor hecomes infinite.
While conducting vibrating beam tests it is impor-

tant to constantly be aware of these and other possible sources

of erroncous data, and to apply every possible precaution while

obtaining, interpreting, and utilizing the data.

2.4.3 Compile Test Data

For any becam specimen, cach test "point" consists

simultaneously measured wvalues of tewmperature, mode,
The complete set of data

of a sct of
resonant frequency, and modal dampine.
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points for each test includes these measured values for the un-
damped beams and for the damped specimen beams. The raw test

data for each damping material evaluated include the values of
temperature, damped resonant frequency (fc), the half-power fre-
quency (fL and fR), bandwidth (.f), and the modal loss factor (a).

Anpendix B contains examples of raw test data for each material tested.

It i1s important to evaluate the validity of raw
test data being generated by a particular vibrating beam test.
Such evaluation may indicate problems in a test system that need
to be pinpouinted and solved before too much effort is invested
in the test. One way to evaluate the raw test data is to examine
the plot of nh fn’ and fon versus temperature. This plot may be
generated manually as shown in Figure 13, or automatically as part
of the test system |6, 7). 1In either case, subjective evaluation
of the test data at this point is an important step in the testing

process.

The valid raw data can now be used in c¢onjunction
with the appropriate set of equations to produce a set o!f material
properties for the specific temperatures and frequencies measured

during the beam tests.

The final result of damping material analysis is a
temperature nomogram, which expands the limited number of test
results to a graph from which the designer can obtain the damping
material's properties (modulus and loss factor) at any given com-
bination of temperature and frequency. Appendix B contains tem-
perature nomograms qgenerated by the computer system usced for UDRI

vibrating beam toests.

The development of temperature nomograms is discusscd
in reference [10)., The computer program used by UDRI to generate

nomograms 1is discussed in reference [7].

Figure 14 1s a temperature nomogram with some grid
lines removed. This nomogram can be read rore casily.  The pro-

cedure for reading this nomogram is as follows:
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Select a combination of temperature and N
for example 200 Hz and 59°F (15°C). Find g
Follow

(15°0)

frequency,
the point €or 200 Hz on the right-hand axis.

the point horizontally to the line for 59°F
At this intersection, draw a vertical

’}\ V‘Y:

temperature,

line. Then read the modulus and loss factor valuces

off the appropriatve graph, at the point of inter-

section with the vertical line. 1In this cexample, -

modulus G (200 Hz, 59°F or 15°C) = 140 psi and loss

factor (200 Hz, 59°F or 15°C) = 0.83. This nowmo- -

gran also shows a second example for the combinacion

40 Hz anda 109°F (42.8°C). 1In this example, modulus
G (40 Nz, 109°F or 42.8°Q)

n (40 1z, 109°F or 42.8°C)

"

20 psi and loss factor
t

0.69.

Figure 15 illustrates ancther application of tem-

perature nomograms - specifving tolerances for purchased polymeric

materials. This nomogram has hypothetical acceptance limits

superimposcd. Details of this use of nomegrams are discussed in

reference [9].
It can easily be seen from the nomoaraphs that the
data in this format is amenable to the development of analytical

equations which would represent the data. The egquations used to

fit the material properties are those suagested by Rogers in rcfer-
ence [6].
The ability to represent the dynamic material proper-

ties in equation form greatly facilitates the use of this data 1in

analytical structural design. A short discussion of the equations

and parameters used in the curve fitting routine follows, More

detailed information can be obtained in references (¢} and (71,

The curve fits to the data on the nomoaraphs werce

calculated by the computer program mentioned previously in this

The basic form for these equations are as follows:

Section,




Storage Modulus

Mrom
2 1Og10< M,

loglO(Eé) = log lO(Mi) +

wheore:

Eb i.s the material storage modulus:

fr is the reduced frequency:

Mrom is the inflection point of the storage modulus

curve as read on the Younag's Modulus scale;

From is the reduced freauency value of this inflec-

tion point;

N is the slone ¢f the curve at the inflection point;
M
M,

is the Young's Modulus value of the lower hori-

zontal asymptope of this curve.

Figure 15 illustrates the curve fit parameters Mr
, N, and M_ .
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loglo(n) = loc

where:

S

hl

less Factor

cl/Ss * SH\ f,
(n ) » Q——) log = + (S, + S.)
10 .froﬁ 2 C 10 froQ 5 h
” fr 2
loa
-1+ 10<fro§',> (14)

C

n is the loss factor;

fr is the reduced freguency;

Mero is the loss factor value of the damping peak;
froi is the reduced freguency value of the dampina
peak;

S, is the slope of asymptotic line for low valucs
of reduced freguency;

Sh is the slope of asymptotic line for hich value=z
of recduced frequency;

C is a parameter which defines the curvature of the

damping peak.

Figure 16 illustrates curve fit parameters -

‘frot!
and C.
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The curve fit cquations for each material tested
are included in the materials damping properties cvaluation in

Appendix B,
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SECTION TIII

PRESENTATION OF DATA

The raw test data from the bare beam characterization tests
are presented in Appendix A, This data consists of the natural
frequency (fn) for modes two through seven at cach temperaturc the

beam was tested at, and the value of this frequency divided by

its respective Eigen value (fn/in). Each set of this bare beam
data is plotted in a similar monner as Figure 17. From this graph-
ical form of the data, matched pairs of beams are selected. This

form of data is also used to obtain the natural frequencies of the

beams at temperatures other than the test temperaturcs.

All of the polymeric materials that have been tested by UDRT
are listed in Table 1. The raw and reduced data from these tests

are presented in Appendix B in this order:

(a} The geometric parameters of the beam and material, the
temperature and frequency test range, the peak and
range values of the loss factor, the computer file in-
dex numbers, the equations for the material's charac-
teristic curve;

{(b) The raw test data;

(c) The reduced test data;

{d) The reduced temperature nomogram,
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TABLE 1, POLYMERIC MATFRIALS AND MANUFACTUREPS

18D 110
150 112
18D 113
18D 11 3M
150 830

'miay Butyl

3M Company
M Company
34 Company
3M Company
M comnpany

Rl

. Material Manufacturer
Exodanp €-2003 . A, R, Corporation
Isodamp C-1002 E. A. R, Corporation
MacBond 1IB1120 MacBond (Morgan Adhesives Combany)
MacBond IBl1l60 MacBond (Morgan Adhesives Company)
MacBRond IB1200 MacBond (Moraan Adhesives Company)
MacBond 1Bl1220 MacBond (Morgan Adhesives Company)
MacBond 1IB1248 MacBond (Morgan Adhesives Company)
MacBond IR1320 MacRond (Morgan Adhesives Company)
MacBond I[R1400 MacBond ‘Morgan Adhesives Company)
MacBond TB1401! MacBond (Morgan Adhesives Company)
MacBond TR1622 MacBBond (Moragan Adhesives Company) ;
MacBond 1R210) MacBend (Moraan Adhesives Company) k|
Maciiond 1B2107 MacBond (Morgan Adhesives Company) :g
Mackond 1BZ2130 MacBend (Morqgan Adhesives Company) ;é
soundcoat D Soundcoat Company %
Soundcoat M Soundcoat Company %33
Soundcoat N Soundcoat Company 3
Scundcoat R Soundcoat Company k|
Soundcoat Diad 601 Souadccat Company E
Soundecoat Diad 606 Soundcoat Company é
Soundcoat Diad 609 Soundcoat Company %
Soundfoil 1112 Soundooat. Company
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APPENDIX A
BARE BEAM TEST DATA

Beam No._ 0507

. 3 £
Temp. Mode fn fn/An Temp. Mode N fn/An
{_°F H2 Hz _°F Hz | _Hz
Iy 75 2 196.6 8.78 +225 2 191.6 8.55
|
3 548.5 8.89 3 534.5 | 8.66
4 1076.4 8.90 4 1044.6 8.63
; 5 1784.5 9.0 5 1723.9 8.71
] ' 6 12681.1 | 9.0 6 [2593.2 | 8.70
! X T T - " H =T 1
1 b7 13770.2 | 9.04 7 13667.0 | 8.7
[ T T X v '3
'+ 25 1 2 1 197.9 ! 8.83 | #275 12 | 189.9 | §.48 ! 3
i 3 ! s551,8 ! g,94 ! '3 530,03 0 8.59
I T : t
; | 4 11084.2 8.96 | 4 11036.5 | 8.57
: s 11798.2 ! 9.08 | 5 11709.7 | 8.63
: o6 1270200 1 9.07 | L6 l2572.2 0 R.63
5 i ; | i ‘ : :
P | 7 13793.6 9,10 | 4 7 13637.9 I 8.72
- 25 | 5 1 140.1 LoRL00 | . ; : | i
3 555.7 | 9.01 | ' i ! '
4 1092.9 9.03 | ’
s 11813.6 9.16 | | i ;
! 6 | 2724.5 | 9.14 3 | | '
i i 7 13826.2 | 9.18 | ! j i
s T 1 r
4125 1 2 | lo4.8 & 8.70 | L i ;
A ! | I [ : - :
| . 3 i 543.7 | 8.8l . | | ! ;
i : T : t H =t .
| 4 11068.2 | 8.83 | ; | | ! ;
— l 1]
L5 Di772.2 | w0 | ! | | i
1 ’
6 | 2663.0 8.94 | | ] |
7 137430 8.98 | } 4
4175 2 193.4 8.63 ! i :
+ — — :
3 540.2 ' B.706 ; i
| 4 1060.6 8.7 I I j
i L5 176003 S L I E
. ; _
T T 1 1
| 1 G 2ed4a.6 1 o8L8T | | [ )
7 3778.0 | 9.06 l !
| ! T ! !
i 1 : _ I . ; )




“Beam No. 0508
Temw. iode £ /A Temp. Mode £ f /A
n n n n n n
{ °F ] Hz |  Hz ; | _°F T Hz Hz |
I+ 86 2 1 197.9 | 8.83 | 14225 2 | 193.5 3.64 :
T . , ]
3 555.2 9.00 [j 3 1 544.,6 3.83 i
I _ y
4 1087.1 8.98 | C s 11063.6 8.79 ;
5 | 1797.3 | 9.08 | © 5 l1748.9 $.83 |
: T —T '
- | 6 2700.3 9.06 i 6 12619.8 8.79 i
| "7 13796.9 | 9.11 | 7 13087.0 .84
| ! ! +275 . 2 ' 192.3 8.58
+ 25 2 . 199,11 . 8,89 : ; . .
{ I ! ! i [ q '
i I 3 i 560,1 ! 9,08 ! b3 r 540.1 8.75 ;
| T I ' " - - 1 . - !
! 4 | 1094 ,3 i 9,04 I I ‘.r 4 :1053.0 I 8.70 ;
i 5 I 1801.3 ! 9.10 JI .I ) P 1738.06 {8,718 :
i 5 {38023 | v.12 | ! L7 13705.9 8.89
' . I 1 1 _
rjfzs | 2 | 200.4 8.95 | i L
‘ | 3 1 8637 9.14 | i I :
4 | 1101.6 | 9.10 | | | |
5 | 1815.4 9.17 : | !
1] \ N
6 | 2722.6 9.14 = !
7 | 3829.2 9.18 i I
+125 2 196.3 8.76 | | !
1 - ] ,
3 | 852.6 B.96_| - } ; :
4 1078.8 8.92 | | | i
- 1 i i
5 1 1774.2 8.96 ! ] ;
6 j 2659.3 8.92 ; i :
7 3743.0 8.98 '
1180 2 194.7 8.69
3 547.9 8.88 _
4 1069.5 8.84 ?
5 1758.7 8.88 !
. i
6 2635, 3 8.84 |
7 3708.3 §.89 i |
i |
lr)




Beam Nc. 060A
Temp. Mode N fn’/An Temp. Mode fn fn/An §
CTEE Fiz iz F ] EZ He ) é%
'+ 72 ' 2 ' 235.3 |10.50 | | | ! E
[ |3 ' 6sg.8 110.68 ! o ; ; .
? 4 1290.8 110.67 | | i ] =
| 5 [2122.2 l10.61 ' | ‘ | 1§
'+ 25 ' 2 1 237.0 |10.58 | 1 ! | )
| 5 | 663.7 '10.76 | i i ! B '
| 4 :1300.2 !10.75 | E ] 1 :
! |5 2138.6  110.69 | L | i 3
- 25 | 2 239.0 110.67 | | :
§ |3 | 668.5 !10.83 | ! | | 3
T T4 |1310.1 !10.83 | | ! . ; ]
; 5 12155.¢ [10.78 ’ b
i- 75 , 2 ., 240.7 110.75 . | 3
l ! L E
§ 3 | 673.4 110.91 | } . E
[ 4 11319.3 {10.90 | | 3
? 5 12176.8 |10.88 | ! :
4125 | 2 | 233.3 {10.42 E
; © 3 ! 53,0 (10.58 | 7 | | k
1 | 4 11278.3 l10.56 | L : | i |
! | 5 | 2102.6 ,10.51 | r E
[ +180 | 2 231.2 [10.32 | ,
{ 3 647.1 110.49 | ] :
] 4 1266.9 110.47 | ! ; .E
| 5 12080.3 110.40 ‘ %
Tv225 | 2 229.4 | 10.24 | 3
i 3 642.3 |10.41 %
b4 1257.1 |10.39 7
| 5 2063.6 10.32 1 :
4275 1 2 227.2 |10.14 1 é
! 3 €26.5 110.32 ;
N 4 1245.3 [10.29 | :

40




Beam No. 060A

Temp. Mode fn fn/An Temp. Mode fp fn/An
. °F Hz Hz ! °F Hz Hz
'+ 78 2 235.81 110.53 +175 2 232.26 | 10.37
3 662.95 | 10.74 3 654.92 | 10.62 '
4 1301.1 {10.75 4 1287.7 10.64
|
5 2150.5 | 10.75 | 5 2133.1 10.67
6 3200.0 |10.74 | L 6 3186.7 10.69
—
L 7 4466.3 | 10.71 7 14454.3  110.68
— T i
i+ 25 2 238.10 10.63 i225 ] 2 231.54 110.34 : .
I 3 668.54 1 10.84 HEE 647.84 |10.50 ! |
i - 1 - -
i v 4 1 1312.0 l10.84 ! | 4 11276.0 110.55 l i
i 5 | 2166.8 !10.8 ! 5 !2117.7 l1o0.50 !
' { i -
| | 6 13223.7 110.82 6 i3162.6 |10.61 | 4
- : —i = S— '
! 7 4496.4 10.78 | 7 1'4434.6 10.62 i E |
= ) ;]I Lo \ AJI R . T 3
- 25| 2 | 240.05 110.72 +290 ' 2 ! 227.74 {10.17
i T3 1 673.26 | 10.91 3! 639.06 110.36 ! ,
T ! . 1 -z
| 4 |1321.5 j10.92 | i | 4 [12s3.9 10.36 E
! 5 | 2182.5 |106.91 | L5 | 2067.8 10.34 3
B 6 ! 3240.4 110.87 | i 6 13073.1 10.31 E
r 7 | 4508.6 |10.81 | ! 7 lazeo.s 110.27 ‘3
! F —
: - 75| 2 240.67 | 10.74 | | ] ; :
3 676.82 [ 10.97 | ! | '
a  |1327.0 ;10.97 | 3
‘ - ]
B 2183.41 1 10.92 | | | ! .
L6 3206.2 | 10.76 | ! i ! i
1 ' | — ]
7 4683.8 |11.23 I H L
1
+125 2 233.89 | 10.44 | g
! 3 657.46 ;10.66 | é
4 1298.03 | 10.73 3
5 2148.69 | 10.74 | | ! ;
' A R
6 3204.10 110.75 | ; 1 |
7 | 4484.30 [10.75 : o }
al T 3
[ | | _j E
— : .
a1 ;




Beam No. 0603

m £ 2 3 i 7
Temp. Mode £ fn/nn Temp. Mode fn ‘n’An 3
°F I Hz Hz °F 1 z Hz =
| ]
+275 2 230.2 | 10.28 5 2184.8 110.92
r - |
3 643.3 | 10.43 ;
4 1256.3 | 10.38 l | i 8
5 2061.9 | 10.31
+225 2 233.4 | 10.42
T > I i
3 651.0 | 10.55 | ; ! | !
! I ! ] 1 i T !
L i 4 :1270.6 ! 10.50 ! | L ! | | i
i i i S ] A 1 ,
. i 5 j2084.6 |10.42 | ' ; | } 3
4175 ) 2 . 234.4 | 10.46 | ! | . j -
t 1 T T = ‘ - ﬁ\ E
. 3 . 654.8 !10.61 | ! | A
. © 4 1 1278.0 110.56 | : l |
B | 5 0 2099.1 :10.50 | B :
H ! ! P H | i | i
''+125 ¢ 2 236.6 10.57 ¢ ; | !
—_ |- | ' | ‘ L 3
| 3 1 6060.2 | 10.70 i : .
4 | 1288.0 | 10.64 ' | ; ]
i 5 ! 2116.0 | 10.58 | |
1 -l 1
+ 751 2 1 2481 '10.63 |
] | =
P 3 | 665.0 110.78 ! i .
H — 1 i i
|4 1295.8 | 10.71 ! ; ! |
I o« o i
' 5 | 2129.9 | 10.65 | N |
T “ H r
s 250 2 ' 2400 :10.71 | : ;
| ! i
|3 | 670.2 {10.86 | Jﬁ : i
] : | R -1
I g 1303.6 1 10.77 ! g 5
5 2136.3 | 10.68 ! :
- 25 2 241.7 | 10.709 !
| 3 | 673.5 10.92 ! | .
4 [ 1313.2 [10.85 | |
5 2167.3 | 10.84 }
- 75 2 243.5 110.87 o
3 | 678.0 | 10.99 |
| 4 1323.1 | 10.93 | !




Beam NC. 060B

Temp. Mode fn fn/'An Tenp. Mode fn fn/’\‘n
s | Hz Hz °F Hz 1 Hz |
+ 80 2 238.44 110.64 5 2099.9 10.50  _,
3 666.67 | 10.81 6 | 3150.1 10.57 )
4 1300.7 |10.75 7 4419,0 ] 10,60 =
5 2142.7 [10.71 +175 1 38.603] 10.97 -
6 | 3199.0 [10.73 | 2 237.38 | 10.60 i
7 4488.3 |10.76 3 660.98 | 10.71 |
+125 1 38.066] 10.81 4 1293.0 10.69 i i
2 237.46 | 10.60 5 2142.3 | 10.71 ]
B 3 662.60 | 10.74 6 3213.1 | 10.84 |
4 1294.50 | 10.70 7 4504.4 | l0.80 |
s | 2138.1 |10.69 ¥125 | 1 38.72 | 11.00
6 3198.¢ |10.73 2 239.22 | 10.v8 |
7 4488.3 |10.76 3 666.18 | 10.80 |
EETHEE 38.19 | 10.85 4 | 1303.1 | 10.77 | :
2 236.98 | 10.58 5 2158.7 10.79
3 659.76 | 10.69 | 6 3237.7 10.86
4 1290.66 | 10.67 7 4538.6 10.88 |
5 2137.7 [10.69 | + 25 1 39.214] 11.14 .
| 6 3207.2 |10.76 2 243.29 | 10.86 |
7 4496.4 |10.78 3 679.21 | 11.C1
+225 1 37.910[10.77 4 1327.6 10.97
2 235.03 [10.49 5 2104.8 10.97
3 654.11 | 10.60 6 3286.5 | 11.03 |
4 1279.5 |10.57 7 4608.9 11.05
5 2120.8 |10.60 | - 25 1 39.5541 11.24
6 3182.6 |10.68 2 244.70 | 10.92
7 4464.1 |10.71 3 633.67 | 11.08 |
4275 1 37.466]10.64 4 1336.0 | 11.04 |
2 232.77 |10.39 5 2204.7 11.02
3 648.30 |10.51 6 3301.9 11.08 |
4 1267.9 10.48 o7 4635.5 1 11.12 i
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Beam No. 060B (cont'd) -z

Tenmp. Mode fn fn/An Temp. Mode fn fn/An -
°F 1 i Hz Hz I °F 1 Hz [ Hz | i
- 80 1 39.760]11.30 ! | 5 2103.8 | 10.52
I
2 246.24 110.99 L 6 3145.3 | 10.55
|
3 688.04 [11.15 3 7 4414.9 10.59 |
- [ .
£ 4 1344.9 [11.11 L i | E
T { 0 o
5 2220.8 |11.10 | !
f i | 1
6 3324.5 [11.16 ! i
7 l4665.0 {11.19 P | B
L ] )
; +125 1 38.385[10.90 I
{ i 2 238.93 [10.67 ;
: 3 667.74 |10.82 !
' 4 1305.3  110.79 ;
¥ i
T . | B
5 2156.8  110.78 |
| 6 T13227.8 [10.83 | |
: by 4525.4 [10.85 ‘ '
: v181 | 1 37.58 [10.68
— —_— —_—
3 2 236.7 (10.57 1
3 661.7 110.72 1
R 1293.9 110.69 | )
JEE 2137.8  110.69 l |
6 3201.3 [10.74 I
7 4489.3 110.77
+222 1 37.72 |10.72
2 235.24 [10.50
3 657.81 |10.66
4 1286.0 110.63 |
5 2124.6 |10.63 |
6 1181.4 110.68 |
7 4458.9 [10.69 B
+270 2 232.8 110.39 1
3 i 651.0 110.55
4 j1273.0 lio.s2 |

A4
G




Temp. fn fr‘./An fn‘/An
i °F Hz T z T Hz !
i+ 68 | 2 241.9 [10.80 5 4 110.76 |
l 3 677.9 |10.99 | 6 7 '10.68 |
4 11327.1 110.97 HE 2 l10.54
]
5 ;2189.1 |10.95 i 8 |10.73
! | 6 13242.5 |10.88 | 4 .8 10.70
.+ 25 2 243.6 ! 10,88 s .2 i10.67
; 3 682.7 |11.06 i .8 110.58
: 4 {1336.2 '11.04 L2 9 110.44
5 2203.1 .11.02 ! .9 110.63
6 3266.9 |, 10.96 T74 1 lio.e”
7 4562.0 10.94 LS 1 110,62
- 25 2 245.6 10.96 s o T10.4c
. 3 688.2 ,11.15 '
i 4 ' 1346.3 '11.13 !
g 5 2226.2 111.13 :
: .6 3292.7 111.05 | i
5 |7 14591.4 [11.01 | ;
- 75 J 2 | 247.0 11.03 | :
! |3 692.2 11.22 | ?
! ) T | o
; 4 1355.0 111.20 | )
i 5 1223601 l11.18 i
| 6 3303.6 111.09 | ! ?
5 L7 4580.9 [10.99 | : '
[+125 | 2 239.8 110.71 B !
! . 3| 672.3 '19.90 ; | |
| 4 [1315.8 110.87 § ! '
5 | 2170.1 l10.85 | i !
+ —_ 1 i -
| 6 132i5.4 110.70 ; ] T
4175 | 2 238.1  |10.63 E | ! !
! 667.3 [10.82 : | {
4 11305.7 l10.79 ! |

et L s




Beam No. 060C

Temp. Mode fn fn/An Temp. Mode fn fn/An
i °F 1 ] Hz Hz ey Hz Kz
L+ 72 2| 242.1610.987 !+173 2 238.51 |10.822
- 3 | 673.76]10.920 3 665.40 | 10.784
4 | 1319.34]10.904 4 |1302.82 | 10.767
| 5 | 2181.40 ] 10.907 5 | 2153.48 | 10.767
; | 6 1 3267.30]10.964 __ 6 13225.68 |10.816 |
| 7 ! 4580.76 ' 10.985 | | 7 14517.40 [ 10.833
|+ 250 2 | 243.47111.047 1 1+225 | 2 | 235.05 [10.665
- 3 | 678.431 10,996 | L . 3| 661.62 110.723 !
; | 4 1323.00 10.975 ! | | 4 ©1302.38 {10.763 |
? ' 5 ! 2198.38110.992 | { { 5 !'2158.40 |10.792
: L6 | 3293.19) 11.05] ; | 6 13229.28 {10.837
: L7 4619.94 0 11.079 f © 7 14515.206 :10.828 :
- 25| 2 ' 246.25]11.173 1+270 | 2 | 233.81 110.608 |
1 3 | 685.37! 11.108 | { | 3 653.62 110.594 |
3 4 T 1332.15 1 11,092 { 4 [1279.40 i10.574 |
.5 | 2221.46 11.107 . 5 12113.74 !10.569 |
| | 6 | 3329.31111.172 | 6 13164.35 |10.619
l 7 4667.05) 11.192 | ! |7 i4446.80 | 10.664
| - ! - = — - !
- 751 2 | 247.60]11.234 | | ! ! | |
| 3 | 690.42]11.190 | ! 1 ! ' }
| 4 11350.22{ 11.159 | | | | |
5 1 2234.32 [ 11.172 | '
6 3346.10) 11.229 !
B 7 | 4690.58 | 11.248 | |
+125 | 2 240.60 | 10.917 | 1 ‘
'3 1 670.15! 10.861 |
|4 131).92 | 10.842 ‘ ,
5 | 2171.54 | 10.858 | |
|6 ] 3253.07] 10.916 | ! O
7 4559.20 ; 10.933 | !
! E & |

30
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3 674.2 |10.93
4 1319.2 |10.90
5 2166.9 |[10.83
6 3212.5 |10.78
7 4486.1 |10.76
2 1 242.8 |10.84
3 679.3 |11.01
4 1327.5 |10.97
5 2182.9 110.91
6 3238.1 110.87

B 7 4520.8 [10.84

|~ 25 2 244.5 |10.92
3 684.1 [11.09
q 1337.2 |11.05
5 2197. 10.99
6 3262. 10.95
7 4554,1 |10.92
2 246.4 |11.00
3 688.8 |11.16
4 1349.1 [11.13
5 2216.5 |11.08
6 3284.5 |11.02
7 4588.2 |11.00
2 238.9 [10.67 |
3 668.6 [10.34
4 1307.3 |10.80
5 2149.7 110.75
6 3187.1  |10.69
7 4450. 10.67
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Beam No. 060D
Temp. Mode fn fn/An Temp. Mode fn fn/An
o Hz Hz °F Hz Hz
+ 72 2 243.38 [ 11.063 +175 2 239.60 | 10.891
3 678.55 | 10.998 3 668.55 | 10.835
4 1328.76 | 10.581 4 1310.01 | 10.827
5 2202.46 | 11.012 5 2167.14 | 10.83%
6 3302.25 | 11.081 | 6 3248.12 | 10.900
7 4633.06 | 11.110 7 4554.75 | 10.923
+ 25 2 245.08 | 11.140 +225 2 236.53 | 10.751
3 682.68 | 11.065 3 663.00 | 10.746
4 1337.60 | 11.055 4 1297.92 | 10.727
5 2217.60 | 11.088 5 2137.98 | 10.690 |
6 3326.60 | 11.163 6 3194.32 | 10.719
7 4667.35 | 11.193 7 4476.98 | 10.73¢
- 25 2 246.81 |11.219 +275 2 234.37 | 10.653
3 687.48 | 11.142 3 657.75 | 10.660
4 1346.82 | 11.131 4 1287.33 | 10.639
1.5 2232.39 [11.162 5 2113.84 | 10.569
6 3349.40 | 11.240 6 3150.38 | 10.572
L 7 | 4698.55 | 11.268 7 4390.50 | 10.529
- 75 2 248,63 | 11.301
3 692.51 | 11.224
- 1357.58 | 11.220
5 2249.64 | 11.248
6 3374.35 | 11.323 -
7 4731.86 | 11.347
£125 2 241.58 [10.98]
3 673.28 110.912
| 4 11319.75 110.907 B _
5 2185.48 |10.927 B
6 3277.12 {10,997
7 4592.10 {11.012 |
. |




Beam No. 060E
Temp. Mode fn fn/An Temp. Mode £, fn/An
°F Hz Hz [_°F | Hz Hz ]
+ 72 2 243.74 | 11.059 l+175 | 2 237.90 [10.794
3 679,01 | 11.005 | 3 667.96 |10.826
4 | 1328.8 | 10.982 a4 |1307.4 | 10.805
5 ! 2199.8 | 10.999 5 |2157.5 |10.788
6 | 3201.2 | 11.044 6 |3212.0 |10.779 |
1 7 la620.3 | 11.080 | 7 lage0.7 [10.760 |
[+ 25 2 244.97 [ 11.115 | 4225 | 2 216.30 110.721
i3 653.31 | 11.075 | ‘ '3 662,92 | 10.744
| 4 11337.8 | 11.056 | | a4 _|1297.6 _i10.724 !
| 51 2213.9 | 11.070 | ! s [2140.0 '10.700 |
| 6 | 3310.6 | 11.109 | | 6 |3183.5  [10.683 |
7 ! 4641.7 | 11.131 | ' 7 |4449.0  110.669 |
- 251 2 . 245.56 ] 11.142 14275 1 2 234.40 | 10.635 |
| 3 | 688.12| 11.153 | L B 657.06 | 10.649 |
4 | 1347.1 | 11.133 | ' 4 |1298.4  110.648 |
|5 | 2223.2 | 11.116 | 5 12125.6  110.628 |
| 6 | 3314.8 [11.123 | L 6 13163.0 [10.614 |
7 | 4637.4 | 11.121 ! 2 Ja423.2 |10.607 |
- 751 2 248.78 | 11.288 E |
3 694.11 | 11.250 | | |
4 1359.1 | 11.232 | A
5 2249.4 | 11.247 | P |
6 | 3363.0 | 11.285 | j | j
7 4715.5 | 11.308 | '
+125 2 239.72 | 10.877 | ,
3 672.57 | 10.901 | i
4 | 1316.9 [ 10.883 |
5 2172.7 | 10.864 | i
6 | 3235.1 | 10.856 | !
7 | 4523.3 | 10.847 1 ! !
|
| |
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ot 00, o it e i

s
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Beam No. 060E
Temp. Mode £ £./A Temp. Mode £ £/A )
°F Hz Hz F Hz Hz
+ 72 2 244.36 |11.089 +175 2 238.81 | 10,835
3 679.96 |11.020 3 669.25 | 10,858 | 7
4 1332.5 111.012 4 1309.1 10.819 -
: 5 2213.0 |11.065 5 2160.3 10.801 :
: 6 3321.7 |11.146 6 3221.9 10.811 :
7 4658.6 |11.172 7 4516.7 10.831
¥ 25 2 245.86 |11.155 +222 2 237.63 | 10.781 i
3 684.79 [11.098 3 665.20 | 10.781 |
. 4 1341.3 l11.085 | 1301.4 10.755% 7
§ 5 2226.6 |11.133 5 2152.2 10.761 f
j 6 3338.0 [11.201 6 3215.4 10.789
: 7 4680.0 |11.223 7 4509.9 10.815
1 -25 | 2 247.60 |11.234 +275 | 2 235.4 10.680
; | 3 689.57 |11.176 | 3 £59.0 | 10.680 i
1 ' 4 |1350.8 [11.163 4 | 1289.7 | 10.658 |
L5 2239.8 [11.199 5 2133.2 10.606 |
. 6 | 3357.4 |11.266 6 | 3185.6 | 10.689 |
F | 7 | 4703.5 |11.279 7 ] 4471.0 | 10.721 *
E =75 | 2 248.25 |11.263 | I 1
g 3 693.05 [11.2:2
4 1356.4 _|11.2¢9 -
5 2242.1 | 11.2:0
1 B 6 3346.7 |11.230 |
t 7 1686.0 |(11.237
1125 2 232,63 |10.872
3 674.75 |10.935 4
4 1318.3 [10.895 | |
5 2175.3 |10.876 |
0 6 | 2243.8 110.885 L] [ N
7 l4a548.9 [10.908 | ' ]
| | . ) .




Temp. Mode fn f./An
SF Hz | Hz

+ 89 2 281.5 | 12.57

] 3 783.5 | 12.70

i 4 1540.,2 | 12.73

5 2549.9 | 12.88

6 3824.8 | 12.83

] 7 | 5353.9 | 12.84

+ 69| 2 | 284.1 {12.68

b3 ] 7911 !12.82

! | 4 | 1546.0 | 12.78
[ 1 ; T

] | S | 2564.2 | 12.95

; [

. 6 | 3845.2 | 12.90

i 7 ¢ 5385.0 12.91

‘425 2 ! 287.0 |12.81

| 3 794.7 | 12.88

B 1555.5 | 12.86

i R 2579.0 | 13.03

i 6 3866.3 | 12.97

! 7 5410.9 | 12.98

- 25| 2 288.9 | 12.90

1 3 799.4 | 12.96

| 4 1564.9 | 12.93

5 | 2586.7 | 13.06

f 6 3893.6 | 13.07

7 5440.8 | 13.05

+125 2 281.7 |12.58

3 784.9 |12.72

4 1538.5 |12.71

5 | 2549.3 |12.88

6 3822.9 | 12.83

7 5352.0 |12.83

Rear No. 070N
! 3 £ £/
Temp. Mode L n'An
°F z | Hz
L +175 2 280.1 12.50
[ 3 781.3 _ 112.66 |
4 1534.5 12.68 |
—
5 2540.0 12.83 |
1
6 3805.3 12.77 |
| g 5326.0 12.77
+225 | 2 276.5 l12.3¢ |
| 3 . 774.1  ]12.55 |
| 4 11511.8 2.49 !
1 =
) 12493.3 112.59 ‘
6  [3725.2  112.50
o 7 ls222.9 [12.52 f
iy 1 j !
+275 2 | 274.6  i12.26 |
3 769.6  112.47 ;
{ 4 11502.5 |12.42 {
— ~ ' —
I 5 [2476.1 112.51
| 6 13696.2 [12.40 |
i ;
7__[5179.5 12.42 ,
i | !
1
|
! v
| ]

4 g

ok

A gl

i




Beam NoO. n70c¢

Temp. Mode fn fn/An Temp. Mode in fn/hn
°F i He Hz l °F Hz iz
1474 i 2 | 283.9 !12.67 4225 | 2 278.1 12.42
| 3 | 789.8 J12.80 |+ | 3 | 975.8 l12.57 |
4 | 1542.6 |12.,75 | | 4 [1515.7 {12.53 | -
5 . 2550.2 [12.75 i 5 2500.6 12.63 | .
6 | 3814.8 112.80 { 6 [3734.0  {12.33 3
! | 7 153410 li2.81 ! [ 7 15226.6 _ 112.53 |
.25 0 2 | 285.8 |12.76 4275 1 2 | 275.0 i12.28 .
B | 3 | 795.3 12.89 | ! BE 768.7  |12.46 | ']
! . 4 15530 [12.83 ! ! | 4 l1502.7  j12.42 | 7
1 5 i2567.3 112,84 | 1 5 f2474.4 l12.50 ]
l 6 |13841.0 :12.89 | | ' 6 |3684.2 2.36 | i
L | 7 5378.4 ;12.90 L ' 7 |s146.3 l12.34 |
- 10 , 2 i 287.5 !12.83 . ! | ! N
1 3 0 799.4 112.96 | B % i
| | 4 '1561.3 112.90 ] I | 7 E
[ 5 [ 2581.2 112.9] | i |
| 6 !3863.0 [12.96 i
.7 15408.9 (12.97 | T :
l+125 | 2, 282.4 ;12.61 ! | 1
! 13 | 786.0 |12.74 | Il
4 11535.5 112.69 | j i
! 5 | 2538.1 :12.82 | ] ! !
{ 6 :3797.5 |12.74 | : | —
7 15316.8 |12.75 _J
+175 2 | 280.3 |12.51 T
31 781.3 [12.66
4 11527.0 [12.62
5 12524.4 12.75
6 13777.0 [12.67 ‘
7 15287.2 [12.08 K
52



Beam No. 070D
Temp. Mode fn fn/An Temp. Mode fn fn/An
°F Hz Hz i °F Hz H2z
+ 69 1 44.534} 12.65 4 1507.1 12.46
| 2 275.79 | 12.31 5 | 2488.7 | 12.44
' 3 779.42 | 12.63 6 3710.3 12.45
4 1525.2 | 12.60 7 5187.1 12.44
5 | 2518.3 [12.59 +225 275.69 | 12.31
6 3757.6 | 12.61 | g 764.99 | 12.40 |
7 [ 5257.2 |12.61 | ] 1497.7  {12.38 |
+20 | 2 283.03 | 12.64 | | 2473.5  |12.37 |
E 785.73 { 12.73 | 3 13689.8 12.38 |
t 4 li1s37.0 112.70 j 15161, 12.38 g
5 2538.7 | 12.69 14275 ! 269.71 |12.041 |
6 | 3787.6 |12.71 | | 759.76 [12.31 |
' 7 5302.6 |12.72 : 11486.2 12.28 !
- 25 2 285.99 | 12.77 | | 12452.8  :12.26
3 792.96 | 12.85 | i 3655.0  [12.27
| 4 | 1531.4 |12.82 | 5112.3 | 12.26
| 5 2561.8 | 12.81
i € | 3822.3 |12.83
? 7 ] 5350.5 | 12.83 i |
- 751 4 | 1552.5 [12.83 | !
5 | 2563.7 12.82 | ! |
| 6 1824.8 | 12.83 | | |
i 7 5354.2 |12.84 | i
fr125 | 2 278.23 | 12.42 | | !
3 773.81 | 12.54 | E
4 1515.5 l12.52 | ! !
5 | 2502.4 |12.51 |
' 6 | 3731.7 [12.52 ! ; | B
| 7 4 5217.2 |12.91 | i o
¥175 2 272.65 1 12.17 - Ii |
3 769.35 112.47 | | i i

~




T

Beam No. 070D
Temp. Mode fn fn/An Temp. Mode fn fn/An
°F Hz Hz °F Hz Hz
+ 64 2 277.2  |12.38 5 1.553.6
3 772.7  |12.52 +138 2 171.8
4 1502.7 [12.42 3 477.4
5 2481.5 [12.53 4 939.5
+ 25 2 278.8 [12.45 5 1541.1
3 777.3 |12.60 +202 2 170.5
4 1512.0 |12.50 3 473.6
5 2498.0 |12.62 4 932.0
- 24 2 280.5 112,52 5 1529.6
3 782.4  |12.68
4 1523.8 |12.59
5 2518.7  |12.72
+122 2 274.8  [12.27
3 765.8 |12.41 i
4 ]1489.7 [12.31
5  12459.6 [12.42
+172 2 | 272.6 (12.17
3 759.8 |12.31
4 1477.9 j12.21
5 2439.6 [12.32
+224 2 270.4 |12.07 .
3 754.0 |12.22
4 1466.2 |12.12
5 2420.5 [12.22
+271 2 268.2 |11.97 ]
3 747.5 [12.12
4 1453.1  |12.01
5 2397.2  [12.11
+ 71 2 173.1
3 481.4 ! _
4 946.8 5

i

il

vt il \\;\E\Mmm‘u;uumH-:A‘uu

et

B i
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Beam NoC. c70L

Temp. Mode £ £ /A Temp. Mode £ f_/A

n n n n el N
| °F Hz " Hz ! £7eF ! Kz Hz
+ 72 2 277.60 | 12.39 +175 2 272.71 [12.17
| 3 | 776.28:12.58 3 | 754.41 |12.39 |
4 | 1518.1 112.55 4 |1489.9 |12.31 |
! | s | 2503.2 | 12.52 5 2476.4 12.38 |
! 6 | 3726.0 |12.50 | 6 |3687.1 [12.37
7 | s5203.0 !12.48 | 7 5143.3 | 12.33 |
v 25, 2 | 279.14] 12.46 |  1+225 | 2 270.91 112.00 |
i . 3 ' 780.58 | 12.65 | i ! 759.19 | 12.30 |
; | 4 11526.8 l12.62 ! | 4 J1489.2  112.31
| .5 12518.,1 :12.59 | | 15 12461.2 12.31
6 13748.3 |12.58 | 6 13663.9 [12.20 |
i 7 | 5228.3 112.54 | | 7 .s5113.2 li1z2.26 !
. 25 2 281.37 | 12.56 | [+275 2 | 268.42 |11.98
f__ I3 7¢8.58 | 12.78 ! | 3001 753013 f12.21 :
! b4 l1s4a2.8 [12.75 | ] 4 ,1iv7.6  [12.20 |
| 5 | 2544.4 |12.72 . | 5 12441.3  |12.21
f 6 | 3789.0 |12.71 | L 6 3632.1 12.19
E 7 5289.0 | 12.68 | | 7 15068.4 12.15 !
1- 751 2 283.58 | 12.66 | f
! 3 793.02 | 12.85 |
4 | 1551.9 |12.83 | . 4
5 | 2559.2 l12.80 | | i
6 | 3812.0 112,79 ! | i
7 5325.8 |12.77 1
+125 | 2 274.57 | 12.26 'g
3 769.41 1 12.47 '
4 |1508.3 [12.47 §
5 | 2490.6 |12.45 ;
6 |3707.7 |12.44
7 [ s5173.4 |12.41
1 l % *

st ot sl




Beam NoC. 070k

Temr. Mode fn fn/An Temp. Mode fn fn/An
[°F Hz hz eF Ho HZ
te 69 | 2 277.4 112.38 | | |
5 3 774.6 | 12.55 | | | |
3 s T1s08.3 |12.47 |
! 5 2493.7 |12.59 | : !
l+ 5| 2 279.8 | 12.49 | i 1 l
" ] a2 ' 781.8 !12.67 ! | | |
4 1522.4 112.58 . Z i B
| 5 | 2497.7 112.61 | { I |
- 50 2 | 281.9 |12.58 | ‘ ! | !
D3 47881 112,77 R |
" | 4 1s35.6 | 12.69 ? |
1 s ]o2s22.5 112.74 | i | |
L4100 | 2 275.8 112.31 | ; | o
T T3 U 9910 | 1z.50 ! 5
: 4§ 1501.9 | 12.41 . ! i i
| 5 | 2474.4 | 12.50 ! ! | ‘ B
#150 | 2 | 273.8 |12.2 | | ?
| . 3 ! 765.0 !12.40 ; |
! 4 | 1490.0 [12.31 ! | | o 7
E 5 | 2453.9 [ 12.39 | | | 7
+199 ] 2 | 271.8 l12.13 | ] ' | :
! 5 | 9750.2 |12.30 | ! ! k
| 4 | 1478.5 [12.22 i
i 5 2434.9 |12.30 | ,
L4250 | 2 269.5 | 12.03 |
E 3 752.3 | 12.1% %
L__ 4 1464.9 | 12.11 %
i 5 | 2408.4 |12.16 |
! | g
|
| |

o




Beam No. 0B0B

Temp. Mode £ £/, Temp. Mode £, I/ *é
T_°F Hz Hz °F | Hz Hz | :§
+ 721 1 50.932 14.47 [ 7 16021.2 14.44 | =
2 321.70 | 14.36 +175 | 2 | 31g.00 14,20 | '%
‘ 3 903.18 | 14.64 | 3 | 892.14 i14.46 5
i |4 | 1768.3 ! 14.6) ! | 4 11745.8 | 14.43 E
| 5 | 2920.3 | 14.60 | ] | 5 |2882.3 | 14.41 ,é
L 6 | 4332.4 | 14.61 | { 6 lii0a.s 14,44 f%
L 7 ! 6045.0 | 14.50 | 7 15986.2 | 14.36 §
'+ 25 1 | 51.787 14.71 #2251 2 315.28 | 14.08 ! «é
Z .2 ' 325.581 14.53 | , 3 | 885.58 ! 14.3% %
i |3 | 911.66) 14.78 | i a0 119338 14.33 i
] | 4 T, 1782.9 | 14.73 ll : ' s j2862.5 ' 14.31 i g
i L s 2042.2 | 14.71 | . b6 d269.1 114330 1
i 6 1 4406.3 114.79 J |7 5945.2 14.26 i
l 7 1 6129.2 114.70 | 1+272 § 2 ' 313.1 '13.98 é
- 25] 2 | 330,05]14.73 | , 3 1 oe7T.e 1.2y o b
| 3 | 922.341 14.95 | ' 4 P1719.0 i i4.21 1
4 T 1800.3 [14.88 | 5 12838.1 14.19 | 3
| 5 | 2971.2 i 14.86 | ] 6 ja4227.4 . 14.19 F
6 | 4427.4 i 14.86 | i | 7 i4sso.7 11312 3
{ I 6202.4 | 14.87 . ; ; 5 : :
I+ 85 2 330.24 1 14.74 | ! ? ! | é

|3 | 925.07]14.99 | ] | i ! I

1 4 11809.2 | 14.95 ! i i ? :
5 | 2986.8 | 14.93 | { j | | | ,
6 i 4449.8 | 14.93 | | | j i | :
7 0 6221.5 | 14.92 | | i E | | :
+125 | 2 | 319.66]14.27 { i : i :
2 . 896.30| 14.53 | E | | | ; :

i 1755.5 i 14.51 | E ) ? | i

| 5 | 2898.1 1 14.40 | : ; i , -
Pl s 432507 el ; i f } ;

R



)
|
i
]
i
I
I
)

i

i
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Beam NG. 080D
Temp. Mode £ f /A Temp. Mode £ f_/A
B n n n n o T.
|_°F i 1 Hz | Hz : | —F i Hz | Hez :
e 75 | 2 326.2 | 14.804 | +125 | 2 323.4  i14.677 i
| 3 912.1 |14.783 | ; | 3 | 905.2  |14.672
' [ 4 1785.1 114.765 | i | 4 11772.8  [14.663 | )
) e : ; : 1 ]
. ' 5 | 2952.2 {14.771 | | | 5 i2931.5 114.668
I + f T |
| | 6 | 4409.5 114.769 | i 6 laz76.2  [14.653 ;
; - ! - [ | I '
- G 7 6159.7 114.772 ¢ L . 7 jell2.4  14.658
- 721 2 333.7 :15.145 . '+175 2 | 322.0 l14.614 |
: .3 ' 930.9 l15.088 ° | i 3 898.7 |14.566 | -
| | 4 11820.9 15.061 | ? 4 11760.7 . 14.563
' . s '3013.2 '15.076 | ' I 5 i2913.¢ !'14.57 :
| 6 | 4507.0 !15.096 | ] 6 14352.7  !14.578 |
] | 7§ 6296.2 [15.090 ! ] 1 7 |6082.9 [14.587 !
- 25 . 2 331.5 1 15.045 #2252 13195  14.500 |
) ! | [
; 3 i 925,8 !15.005 | ] L3 g030 0 14.474
] 4 11810.1 [14.972 | | L4 [1746.7  114.447
] | 5 ]2995.2 114.986 ! ] | 5 :12890.8 . 14.464
.' - . f ; * f '
; | 6 | 4479.7 |15.004 | | | 6 14320.2  14.470 |
| 7 16259.3 15,011 | ! | 7 16037.3  ,14.478
w25 0 2 1 328.9 114.927 | +275 1 2 | 317.0 114.387
: i3 0 918.9 |14.894 i | 3 886.2 |14.364
| 4, 1798.1 114.872 | i |4 173301 114.335
- 5 ' 2075.1 '14.886 | © 5 12867.7  '14.348
i ] :
| 6 | 4447.4 [14.896 | 1 16 lazee,a  §14.356 |
: 71 6213.3 |14.900 | | 7 5988.3  14.361
| 1 — . ' !
L+ 75 2 326.1  114.800 ! ! |
I 1 j 1 |
L 31 912.0 l14.782 ; 3
! I Y785 i | —[
: _ 4 1785.3 14.766 ! |
5 2952.4 114.772 | ! |
{ U6 44102 114.772 | ' | }
! I 7 16160.6 |14.774 ' g !
I i | ! |




3 £./A Temr. Mode £ £ /A

n n n , n n’ M| -
i Hz , Rz ; | °F 1 Hz i Hz 5
2 . 333.0 | 15.1130]  |+#175 | 2 i 320.8 {14.5593
3 | 927.7 :15.0364 B 3 894.7 | 14.5015 |
4 | 1806.8 | 14.9443] i 4 1744.9  114.4324
5 | 2979.5 : 14.9079 ' 5 |2878.1 | 14.400F
6 | 4437.6 | 14.8635] 6 |4285.4 | 14.3538
7 | 6184.1 | 14.8303] 7 |5975.7 , 14.3305 |
2 | 330.7 . 15.0086i 4225 ' 2 ! 317.4 114.105C
3] 921.0 © 14.9278 f '3 | 886.5 '14.3080
4 1 1793.8 | 14.8368] I P4 1730.1  $14.3099 !
5 1 2957.7 . 14.7989! | [ 5 0 2849.9  |14.259%
6 i 4399.5 | 14.7359] | ¢ '4240.1 ‘14.2020 °
7 | 6130.3 | 14.7013] ; L9 5902.8 ' 14.1557
51 2 . 328.4  14.9042) 14275 | 2 | 314.5 [ 14.2734 |
3 | 015.4 | 14.8370 | 5 | 879.9 14.2016 .
4 . 1783.6 . 14.7524) {4 11717.9  l14.2090 |
s | 2942,9 | 14.7245] | 5 12830.5  114.1624
6 | 4385.0 i 14.6274] | 6 14200.6 l14.0697 |
7| 6120.5 | 14.6771! | 7 15847.2  }14.0224 |
2 326.0 | 14.7953] ‘ | . -
3 1 909.1 !14.7349 ] : }
L4 1772.5 : 14.6606 i
5 | 2924.5 | 14.6327!
I 6 4360.5 | 14.6053 O
7 6081.7 | 14.5847]
2 323.1 | 14.6637
3 901.6 | 14.6134
4 | 1758.9 | 14.5481 !
5 2900.5 | 14.5127 -
6 | 4318.2 | 14.4636 I
7 | 6023.1 | 14.4442
! i




Beam NoO. 080F
Temz. Mcode fn ;';w. ) Temp. Mode fn fn’/p‘n
I °F ] Hz . iz ! | _°F | Hz L Hz '
T 1333 L 15.127 . 4225 | 2 | 321.1  114.573 |
{ 3 927.9 |15 025 | ' 3 | 893.8 114.487 |
| 4 ! 1819.3 115.047 ! P4 11753.2 114.501 |
] 5 1 3017.5 |15.098 i | 5 12005.7 |14.539 !
; 6 i.4518.0 {15.133 | i i 6 '4344.6  l14.552
E 7 ! 6306.8 | 15.124 L | 7. 6076.6 |14.572
by a5 o U 3036 |14.913 | [+275 ¢ 2 | 319.5 !14.500
P03 313.0 14.796 I 3 i B888.8 :14.406
i,_ , 4 1791.9 ;14.821 - | 14 51741.3 %14.403 '
' s 2972.3 1 14.872 | | P 5 ,2889.5 114.458 !
.\ 6 4446.8 ' 14.994 ; "6 .4335.4  i14.521
; Y7 0 6214.5 §14.903 | i 7 6042.7  114.491
4750 2 . 326.5 |14.818 | f P | !
. 2 o080 [14.717 | | | ) i 5
| 14 1782.5 114.743 1 i i i !
| 5 12956.9 114.795 | | | | | |
‘ | 6 | 4442.4 |14.879 | ] | | |
- 7 ! 6182.3 | 14.826 | ] | | : |
Y125 1 2 | 324.5 114,727 | i |
! 3 | 903.0 |14.636 ! | i |
: 14 11772.8 |14.663 | ! | |
T 5 129403 114.712 | ! i ! |
! 6 ] 4417.0 114.794 ! ; ! } !
| 7 6149.7 |14.745 | | ! |
14175 > | 322.9 |14.855 ! kﬁ i :
3 898.6 |14.565
! B 4 1762.6 |14.579 |
i i 5 12922.3 |14.622
| 6 4371.2 |14.641
T’ 7 | 6112.4 | 14.658 k !
] L L

G0




Ream No. C80F

Temz. Mode £ £./A Temp. Moce £ f /A
o n n N n N
. F E Hz Hz i v_°F | Hz | Rz :1
| + 69 2 | 326.0 !14.795 | +125 2 324.5 14.727 |
; T ! 1
L3 i 90e.6 | 14.694 ; 3 902.5  [114.628 -
| ! 4 11780.6 | 14.728 : 4 [1772.8 | 14.663
r H f T -
| 5 12951.4 [ 14.767 - 5 12936.4 1 14.692 |
: 6 —[ 4416.4 ': 14.792 ! V6 439¢.2 14.724 ’
' 17 7 6174.1 [ 14.806 ! 7 6145.0 14.736 !
- 75! 2\ 331.8 j15.058 14175 . 2 322.8 [ 14.650 .
: 1, H T —
|3 1 906.1 ! 14.686 ! - L3 897.7 | 14.550
: — T t ‘ " .
i . 4 ! 1811.6 | 14.728 ! | L 1763.3 | 14,539
! .5 3003.1 | 15.026 ; | L5 12919.3  l1g.610
§ L6, 4501.6 | 14.792 | ! | 6 14369.1 l11.¢34
| |7 6287.1 | 14.806 | B | 7 16109.4 }14.651 |
i ' - | : i - .
L2502 330.8 | 15.013 1+225 | 2 ! 301.3 lya.sgr
: ! 3 . 920.3 | 14.920 | ! | 5! 894.7  114.501
i ! T ) | I | * T
L i 4 1805.6 ] 14.934 | | 4 11755.0 114,515
! ! | - I i A | .
] L5 2994.0 | 14.980 ! ' | 5 12006.9 ]14.545 |
| ; i 1 - N T :
! _L_ 6 1 4482.9 ! 15,015 ; P6 4366.5 1 14.625
| T o : H Y
: .7 | 6261.8 | 15.017 | 7 .6082.2 14.586 | -~
i i ) f T i
[+ 251 2 | 328.6 {14,913 +275 | 2 319.2 14.487 | 3
I R —
] 3 ] 914.1 [ 14.815 L3 889.4 14,415 ;
f 4 11794.1 ! 14.839 | 4 1743.5 14,427 4
] 5, 2974.€ | 14.884 5 2890.3 14.461 |
; 6 1 4452.9 | 14.914 ! ! 6 4338.9 19.533
! I 7 D go22.8 | 14.023 | BE G040.1 14,485 |
B o o) :
L+ 75 2 1 326.5 14.818 | |
I_- . - ] | | ‘ '
! 31 908.0 | 14.717 B | i
3 1783.3 | 14.750 |
L5 2954.9 | 14.785 N l
| 6 | 4422.9 | 14.814 | ! 3
- ' — — — 4
i 7 leis2.2 | 14,820 | ! !
- — - *T——- i
N ! | i

(Yl



Beam MNO. 080G

Temp. Mode fn fn/An Tewp. Mode fn fn/An
°F Ez Hz : Foer Hz Hz :
- 75 | 2 331.6 | 15.0495! +175 | 2 320.3  |14.5366 |
; 3 924.7 |14.9878 B 3 892.2 |14.4610 |
] 4 11810.9 [14.9782: 4 |1739.5 14.3877-ﬂ
§ . 5 1 2993.7 :14.9790! ! 5 |2865.9 |14.3395 |
! 6 14478.9 [15.0019] 6 |4264.8 |14.2848 |
{ | 7 16255.9 [15.0025] 7 5945.5 14.2581 |
- 25 1 2 | 329.3 114.9451] +255 | 2 316.4 14.3596
i [ 3 ! 918.3 .14.8840] i i3 885.7 14.3556
: | 4 . 1798.0 .14.8715' | 4 |1731.0 ]14.3174
i | 5 2072.1 '14.8709 ! 5  |2844.6  |14.2330 |
| | 6 4443.8 114.8843 | 6 42408  '14.2044
| 7 16211.6 114.8962] ' | 7 i5932.8 114.2276 !
'+ 20 ' 2 | 326.7 |14.8271. #275 | 2 | 3129  |14.2462 :
: i3 l 913.1 14.7997: 'l 3 i 878.5 114.2389
E . 4 11786.6 14.2773 ! 4 11718.2  {14.21i5 |
{ 5 12949.8 114.7593]| 5 2824.6 14.1329 |
E:ﬁ | E 1406.0 | 14.7577 6 14208.5 14,0962 |
{ | 7 16166.) 14.7727 7 |s8ss.s  |14.1221
v 75 | 2 323.4 114.6773, ;
i | 3 | 905.4 !14.5749] l
| | 4 [1769.3 114.6342 | |
i s | 2912.4 |14.5722
L 6 | 4339.1 114.5336 |
| 7 16071.4 |14.5600] |
+125 | 2 ] 321.2 [14.5775|
3| 899.4 [14.5777 T
4 |1757.5 |14.5366
S | 2892.1 |14.4706
6 | 4307.8 |14.4288
7 [eo26.8 [14.453
i |
62 :

o

ralil o TRl e




Temp. Mode fn fn/A3
. _°F A z | Hz i
477, 2 © 323.8 |14.69 |
| 3 ' 908.9 |14.73
5 4 '1774.3 114.67 |
L 5 ! 2930.9 | 14.66
B 6 | 4364.2 114.62 |
? 7 | 6158.4 | 14,77
|- 795 0 > 1 3401 |15.43 |
! Ly 927.3 | 15.03 |
i | 4 i 1812.2 |14.99
! ! 5 | 3003.2 | 15.06
| 6 | 4499.2 | 15.07 |
i | 7 | 6z82.4 |15.07 !
25! 2 ! 3386 |14.01 |
f | 3 i 922.0 | 14.94
? s ! 1800.3 |14.89 |
l | 5 ! 20a3.8 | 14.93
| 6 | 4468.6 | 14.97 |
] | 7 | 6230.9 |14.94 !
25| 2 325.2 | 14.76
! E 916.1 | 14.85
| 4 ;1789.4 | 14.80
| s | 2965.9 | 14.84
| |6, 4426.9 | 14.86
|
] 7 | 6100.8 | 14.63
4125 2 321.5 | 14.59
3 902.9 | 14.63
4 1 1762.7 {14.58
5 | 2902.0 | 14.52
6 | 4315.2 | i4.45
7 | 6033.4 | 14.67

Eeam No. 080H
Temp Mode f £ /A
r. n r
°F i Hz Hz :
i+175 | 2 319.0 14.48
X
* 3 896.6 14.53
| 4 11749.3 14.47 @
! H
| 5 :2880.2 | 14.41 |
| | 6 14293.5 114,38 |
L i 7 [5994.0  14.37
— } . i
1 +220 2 317.2 . 14.39 :
- 1
i 3 891.0 | 14.44 |
| C 4 11737.6 114,37 !
s 2862.0 l14.32
. i 6 14260.9 '14.2 i
7 15976.2 14.33
+272 | 2, 3'4.0 14.25
: 3 862.4 . 14.30
Ly 1725.4 ) 14.27 |
H T '
; ' 5 12837.1 14.20 ;
| L6 14223.4 14.15 1
| .7 !5845.5 14.02 ;
] ! :
i ! 1
| ' ;
i | o
| !
I
! ! ! i
|
|

P
3
;i'
3
=
3

a0l

e ]

i
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Bear NO. 080-1
Temp Mode fn " A“ Temg. ioce fn fn’/Aq
Tocr ! i Hz T Hz ! Foer 1 | Hz | Hez f
2100 . 2 | 327.6 . 14.87 4152 2 | 3159 | 1a.3a |
| 3 | s13.3 © 14.80] 5 3, 8812 | 14.28 |
i . 4 :1799.8 .  14.89. : 4 11734.3  ©  14.34 |
i . 5 2985.8 | 14.94. . 5 l12874.1 1 14.38
i I ¢ ! 4480.7 | 15.01] 5 6 |4311.4 | 14.44 |
' "7 1 625.9 ! 15.00 T | 7 16030.5 - 14.46
- 50 2 325.4 ;14,77 ,+200 ;2 | 313.6 14.23
3 07.3 | 14.71 | L3 874.6 ; 14.18
5 1788.3 14.79. i i 4 ‘17215 14.28
! 5 2966.2 14,84 | 5 .2853.5 | 14.25
; P 5449.5 14.90" ! 6 .4280.4 1 14.34 !
' - 6217.9 14.01° E [ 5986.4 14.36
. 20 323,11 14,66 4250 {2 ' 311.3 14.12
- 31 900.7 14.60 ; E 867.8 | 14,06 |
5 4 17732 | i4.67 ; | 4 j1708.8 | 14.13 |
5} 2940.4 | 14,71 15 128310 14.17
|6 1.4410.3 | 14.77 | b 142491 | 14.23
i 7 11635 | 14.78! ? 17 is043.6 1 14.25
v 480 2 | 320.9 | 14,56 4303 1 2 ! 308.4 | 14.00
! I3 1 g95.2 11.51 E 3 860.2 1 13.94 |
4 1762.1 | 14.57 P L4 1692.8 | 14.00 |
? 5 2922.5 ;  14.62! H e 2804.1 | 14.03 i
! 6 | 4354.6 | 14.58. T T 6 42066 | 14.00
71 6126.0 14.69] 7 [5884.7 | 14.1)
+102 | 2 318.4 14.45) ! |
7 E 888. 0 14.39 | !
|4 1747.6 14.45! l |
[ 5 1 2896.9 | 14.49 i |
L |6 | 4345.2 14.55 j
i 7 ! 6076.5 14.57] | i i
[ ]
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\ LY ~ r~
Temp. 1056 £ n/An
| =100 I 2 | 324.0 14.70;
E 908.7 14.73!
14 11775.8 | 14.69
1 H 1
| 5 12941.1 . 14.72,
| 6 | 4414.0 | 14.78!
. 7 16201.4 | 14.87]
- 55 ! 2 ! 322.0 | 14.6)
: . 3 1 903.82 | 14,65
| i\ 3 11765.5 | 14.60!
= - ~ |
I ' 5 | 2922.4 i 14.62
f 6 i 4389.4 | 14 70|
1 7 D 6176.1 1 14.81;
F t T \
-1 2 ¢ 319.8 '  14.51
——— T H ‘ —_—
| L 31 8976 1 14.us:
L | 4 1.1758.4 i 14.54,
i | 5 i29i5.1 | 14.58!
i "6 ' 4374.5 | 1a4.65]
{ I 7 1e123.8 | 14,60
[+ 481 2 . 317.3 ; 14.40
! | 3 | 890.7 | 14,44
} | 4 1 1739.9 | 14.39]
[ \ o i i
| . 5 1.2879.0 14.40;
I i I 1
6 ] 4323.7 ! 14.48!1
! T =
| b7 ' 6071.6 14.56
v T 1
lvio1 | 2 1 314.8 | 14.29]
| 3 0 882.5 | 14.30]
: ? -1 3
o4 1172400 | 14.26
T |
| s [ 2851.0 | 14.20
T i
6 | 4286.8 1 14.36)
R, €023.4 | 14.44'
i : 1 I
! | |

Beam No. 0B0=2
Temp. Moce fn n/An
{ °F | [ Hz g Bz 1
4154 2 ! 312.5 14.18 |
L 3 | 877.8 14.23 |
| 4 _|1710.4 14.15
! | 5 [2820.6 . 14.16 !
L 6  14256.4 | 14.20 1
f ' 4 !5980.7 | 14.34 !
ly100 ' 2 . 310.3 1 14.08
{ L 3 870.8 ; 14.11
; © 4 l1698.2 ' 14.05
! "5 12808.7 14.05
{ . 6 |4226.1 14.15 !
f 7 15936.5 | 14.24 |
i+248 | 2 1 307.9 0 13.07 !
: L3 804.0 14,00
3 . 4 11684.9 1 13.94 |
i ' s 19986.9 . 13.04
L | ¢ i4193.2 1 14.04 |
- 7. 15896.1 1 14.14 |
l+209 | 2 ! 305.2 | 13.86 |
| | 3 | 856.2 i 13.87
| i 4 |1670.2 1 13.81
: ! . : 1
] 5 i2762.6 . 13.82 |
: 6 l4157.1 b 1z.e2
o C 7 lss39.3 1 14.00
! I i : .
T ;
| | 1 _
. - N,
{ I L ; i
o | i | ?
| .

ot o Gl o




Beam No. 080~3

Temp. Mode £ fn/Aq Temp. Mode fn fn/Ar
{ _°F Hz Hz | °F | 1 Hz Hz ! :
+48 | 2 306.9 13.92! +158 | 2 301.9 13.70 i
1 T —
| 3 . 866.4 14.04] L -3 852.3 13.81 |
! | : —
4 | 1705.8 | 14.11 i 4 {1675.1 | 13.85 |
N
5 | 2830.3 14.16] 5 12774.0 | 13.88 |
6 | 4244.3 14.22] . 6 |4161.0 1 13.94 |
| |7 :5959.4 14.29! L7 15843.7 ' 1a.01 | .
r ! ; : ! i — : 3
-2 0 2 30901 14.03: +200 ;2 i 299.8 i 13.61 '
! | 3 - 872.8 | 14.14! | | 3 846.7 1 13.72 | 3
! i 4 1718.5 | 14.21 ! | 4 'ie63.1 1 13.76 f
+ _— + " —
‘ , ! : ; — ? : Z E
I 6 : 4278.3 1 14.33 ' L 6 laizs.e 13.82 |
L 9 1 6o04.2 | 14.40 , 7 15823.5 ' 13.96 |
4 li . i 1 . 1
L= 55 2 311.3 ; 14.13; #2962 297.4 | 13.%0
f | 3 ' 879.4 | 14.25 L 13 1 0839.6 | 13.6) |
L L4 1173146 14.32! B 4 Dyesols 1 12065
! |5 | 2873.5 14,38 ! ‘5 2732, | 13,71 !
r : = ; —
! i 6 lasii.0 | 14.44 ] | 6 1a135.8 13.85 |
! ' 7 1 6047.9 | 14.50] ‘ 7 |s808.5 | 13.93 |
-105 1 2 0 313.5 14.23, +301 > 1 2045 | 13.37 |
! | 3 | 835.0 14.34; ! 3 0 834.6 | 13.53 3
|4 la7ato | 14.410 L4 l1651.0 | 13.66
1 t -
| ' 5 | 2882.3 | 14.42 s '2746.6 1 13,74
' T T 1 I T 1
| | 6 1 4343.6 ¢ 14.55. ! | 6 la116.2 | 13.79 |
N 1 - : [ - -
L7 | 6081.2 14.58! 7 15764.3 | 13.82 |
! ! ; —
*102 ¢ 2 304.3 13.81 i 7 ;
: i 3 ! 859.4 ! 1..93 | ; | i
— } t e
' | 4 1 1688.9 13.97 ! I
- . — |
3 | 5 i 2798.2 14.00 i - i
L 6 1.4201.2 ¢  14.07) i ; :
! | 7 1 ss9s.g |  14.17 i | ! l
| ' ‘ | s ! ' -
L i | | : '




APPENDIX B
POLYMERIC MATERIALS TEST DATA

Polyrmeric Material Characterization Test

Test No. 79-8

Ezam Ncs. 060D and Date 12/11/79
camping Material E.A.R. Exodamp C-2003

Material Thickness 0.1204 y  Material NDensity 1.716 . /..
Leam Trhicrkness 0.152 cm Beam Density 2,795 c/co

Beam Length 17.78 om

Temperature Test Range: Be%tween ~2.9 c¢¢ and 92,3  «cp
Preauency Test Range: EFetween 10 Hz a 10 KHz
l.ces Factor n_:
o |D
Peak 100 Hz g 0.95 Terperature 44.4 oc
1000 Nz 5 0.95 Temperature 54.44 cp
b e —————. -~ ——————— e
Range 200 iz 23.9 =¢ 63.3 °g
1¢C0 liz 35.6 < 77.8 oC
LOGIM)=LOG(ML)*(2LOG(NROM/ML))/ (4+(FRON/FR)LXN)
Té FROM MROM N mL
Al Ag A3 Ad
140,90 4.0000E+08 4.0000£+08 .3ee  1.7000E+07
A (LOG(FR)-LOG(FROL)Y)/C
LOG(ETAR)=LOG(ETAFROL Y+ ( (SL+5H)A+(S5L-SH)(1-SQRT(1+p2X2)))C/2
TO ETARFROL SL SH FROL ¢
B1 B B3 B4 BS
49.9 .95¢@ .3e5 -.325 B.0000L¢«07 3.000
LOG(FR)-LOC(F) 1e(T- TO)/(SES/I 8+T-T0)
Remarks: Material was tested as an Oberst  type specinmen,

Loctite 404 was usced to adhere material to the '}

e,

fome problems occurred in acoaisiticn of accurate

between 120°C and 150°C.  An attempt was made to acugire more

Sreclimen,

data un this rarge by going to a Modificd Gherst type

but this did not hel,
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Polymeric Material Characterization Test

Test No. 79-9

Beam Nos. 080-2 and Date 2/15/79 -
Damping Material F.A.R. TIsodamp C-1002 =
Material Thickness _0.3068 ¢ Material Densicty 1.271 . /qp E.
Beam Thi -ness 0.2032 on Beam Density 2,795 /cc =
Beam Len. -a 17.78 op E
Temperature Test Range: Between -31. 3o and 51.7 op
Fregquency Test Range: Beotween 10 4z and 10 K H:o :
Loss Facter U B
Peak 100 Hz "5 0.500 Toemperatar.: 1.0 =2 :
1000 tz iy _0.960 Temprrat.ra 9.0 o =
Ranqgje 100 Hz -1.0 op 25.0 2 ,
1006 Hz 7.0 s 34,0 o =
LOG{A LOG(ALI¢(2LOGIMRCM ML) 3/ 1+ FROM-FRIZIN) §
To FRON MROM N AL 3
A A At
140.0 €412 1.7500€+08 L350  1.508CE+07
o (LG FR LOG(FROL)) ¢
LOSCETA)«L0G CETAFROL )+ PI(SLeSHIAs (SL-5H) (1-50RT(1+AX32)1)C 2
Te ETAFROL sL 5 OL C
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Polymeric Material Characterization Test

Test No. /8-3

Bae-m Nos. ot and Recordead Date 2/3/78
Damping Material MacBond IB1120

Materiel Thickness 0.0203 cm Material Density 0.950 «a/cc .
Beam Thickness 0,2032 ¢m Beam Density 2.,795% s/ce
Beam Length 17.78 cnm

Temperature Test Range: Between -3.9 ~c oand 70.4 ¢ =
Frequency Test Range: Between 10 _Hz and 10 K Hz
Loss Factor np* :;§
Peak 100 Hz g 1.5  fTemperaturs _ 12.2 = 3
L000 itz =, 1.5 Temperatura _ 32.2 o
Range 100 Hz ~3.9 on 4 2
1000 tiz 15.6  o¢ .9 op E

LOG(H)sLOG(HL)+(aLOG(nROH/8L))/(1¢(FROH/FR)11N)

L1

A2 A3 .
40,0 2.0090[003 3.3000€+06 . 450 7.75005094 e
A+ (LOG(FR)~-LOG(FROL))/C 2
LOG(ETA)» LOG(CTAFROL)ét(SLOSH)Ao(SL SH)(l SORT(1+RE32)))C 2 E
T9 ETAFRGL SL FROL C =
Bi B2 33 B4 BS -
40,0 1.500 1.900 -.980 1.3%5@0f+03 2.250 3
LOG(FR)-LOG(F) 1e(T- TO)/(SBSll geT-TR) 3
Remarks:
A3
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Polymeric Material Characterization Tes<
Test No. 78-4
Beam Nos. _Not and Recorded Date 2/9/78
Damping Material MacBond IBl1l60

Material Thickness _0.0102 cm  Material Density 0.965 o/cc
Beam Thickness _ 0.152 ¢p Beam Density _2.795 4/cc

Beam Length 17.78 op
Temperature Test Range: Between _ -3.9 ec and 65.6 »o¢

Freguency 72st Range: Between 10 Hz arnd 10 K yz
Loss Factor np: 3
Peak 100 Hz "b 2.0 Temperature _ 7.2 °C
1000 tiz i 2.0 Temperature 29.4 °or
Range 100 Hz -6.7 op 20.0 o
1000 Hz 15,5 »¢ 46.1  op ]
=
a“
%
LOG(M)=LOG(ML +(2LOG(MROM/ML 1)/ (1+(FRON/FR)IIN) b
Te FROM PRON N ML E
Al A2 A3 Ré E
30.0 4.0000E+03 4.0000E+06 600 B.0000E+04 3
(LOG(FR)-LOG(FROL))/C ;
LOMETR)-LOG(ETRFROL)N(SL*SHM‘(SL -SH)(1-5QART(1+AX22) ) )C ¢ E
To ETQFRO SL FROL C E
B2 83 B4 3
30.0 2 000 . 756 .750 10.0000£+02 1.000 E
LOG(FR)=LOG(F)~ lE(T-TO)/(S:’!S/i BeT-TO) k
Remarks i
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[ meric Materia iaracterization Test
Polymeric Mate 1 Cl ter t est

Test NO. 78—;_7

Beam Nos. _Not and Recorded Pate 271378
Damping Material Macibond 111200

Material Thi
Beam Thickn
Beam Length
Temperature

Fregquency Te

Peak 100
1030
Range 1290
10006

es

ckness 0.0279  om Material Density 0.965 500
s 0.2032 _en Beam Density  2.7905 <o
17.78 om

Test Range: Between . ~17.8 ec and 51.7  op

st Rango:  Botween 10 Hz and _ 10 Ko

i‘-Dl

Hz Yo __]-5 Temperature '4‘4___°C

it " __Y.5 0 Temperature 16,1 ec

b -17.8 °¢ 10.0 o0

iz 2.2 eQ 31,1 o

LOG(M)eLOG(ML) ¢ (2LOG(MRON/AL ) )/ (1+(FROM/FR)IXEIN
TO FROM NROM N mL

Al Al A3 A4
30.0 4.C478E+835 7.0549E+06 620 2.5097c+8S
A« (LOG(FRI-LOG(FROL))/C
LOG(ETR)Y*LOG(ETAFROL )+ ((SL+SH)A*(SL-SM)I(1-SQRT(1+A%X2))1C /2
10 ETAFROL SL SH FROL C
Bt B B3 B4 BS
30.6 1.590 .750 -,600 3.0000E+03 1.600
LOGiFR)ISsLOG(F)I-12(T-T@)/(525/1.8+T-Tg)

Remarxs:
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Beam Nos.,

Samplnyg

orlyreric Mater.o. Jharicter

Necorded
Macl ond 111220

l

i1z2aii0n Testc
Test No,
ata 271

N
X

b

Remarxks:

Thickness 0.0254 ..
ckness  (,2032 am

ure Tast Range: Between -3.9
voTest Ranae atweoen 10 g
tor H

220 Hoooo- 0.9 Tenuerawure

D Y- ¢

005 Fz - G.9 Temzerature
190 iz -G.7 20 35.0 o
GO Kz 12.2 20 ¢0.0 e

LOG(M)=LOG(ML)+(2LOG(MROM/ML) )/ (1 +(FROM/FRIZEN)
To FROM PROM N nL

A1 Al
40.@ 4.0000E+03 4.5000E+06
A< (LOG(FR)-LOG(FROL))/C

LOG(LTA)~ LOG(ETQFROLH((SL*SHM (SL-SH(
T@ ETRFROL SL FROL

B1 B2 33 B4
40.0 .900 . 750 ~-.9230 3.0000

LOG(FR)LOG(F)-12(T~ 19)/(525/1.84T-10)

A3 a4
.45@ 5.0000E+04

1-SQRT{1+A2x2)))C/2
o

BS
€+03 2.5%0

T uummm‘u\w\m.MNUMMMMMWMEMMW )

I

Al \Lm i
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Polymeric Material Charactarization Test
Test No. 78=7

I SR g g

- Beam NOsS. Not and pecorded Date 2/21/78
p Damping Material MacBond 1B1248
Material Thickness 0.0178 cm  Material Density _0.965 /.o

3eam Thicxness 0.1524 om Beam Density 2.975 a/cc

[#]

Beam Length 17.78 c¢cm
Temperature Test Range: Between __—31.7 °C and 51.7 e

Freguency Tect Range: DBetween 10 Hz ana 10 KHz
Loss Factor "pt
Paak 100 Hz  ng 1.403  Temperature _ -18.9 »g

1000 iz n; 1.463  Temperature ~1.1 op
Range 100 Kz -30.0 °¢C -6,7 °C

1000 tiz -8.9 °C 15.6 °C

LOG(M)»LOG(NL) ¢ (2LOG(MROMN/NL) )/ (1+(FROM/FR)IXIN)
TO FROMN MRON N nL

Al A2 A3 A4
20.0 6.8243E+@3 5.3055£+06 ,845 3,0B61E+05

A= (LOG(FR)-LOG(FROL))/C
LOG(ETR)-LOG(ETAFROL)*((5L+2H)90(SL Sg&él SQRT(I*A!!E)))C/E

T ETAFROL sL
By B2 83 B4 BS
20.9 4923 336 -.584 7.4699E+3] .234

1
LOGIFR)*LOG(F)I-12(T- TO)/(SES/l 8+47-Td)

Remarks:

b, ot s Ul

b s
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Polymeric Material Characterization Test
Test No. 78-8

Beam Nos. _nNot _ and Regorded Date 2/27/78

Damping Material MacBond IB1320

Material Thickness (,0381 cm Material Density 0.965 &/c@

Beam Thickness (0.2032 cm Beam Density 2.79% g/cc

Beam Length 17,78 cm

Temperature Test Range: Between -3.9 o°c and 65.6 °C
Frequency Test Range: Between 10 Hz and _ 10 K Hz
Loss Factor np?
Peak 100 Hz ng 1.5 Temperature 12.2 o¢
1000 1iz Ty 1.5 Temperature 32.2 °c
Range 160 Hz ~1.7 ¢ 32.3 _°C
1000 Hz 15.6 ~°c 57.2  °¢C

LOG(M)«LOG(ML )4 (2LOG(MROM/NL ) )/ (1+(FROM/FR LIN
To FROM NRON N mL

Al A2 k] A4
40.0 2.0000E+02 6.0000E+0¢6 ,~30 1.2500Fe05
A+ (LOG(FR)-LOG(FROL))/C
Loc(gfan-Loc(ETAFROL)o((sLoSH)Aor,L (1 (1-SQRT(1+A332)))C/2
Te ETAFROL SL SH o C
Bi B2 83 BS
40.9 1.500 1,000 -1,000 1. 6090&093 2.50e0
LOG(FR)-LGG(F) i2(7-T@)/1525/1.8+7-T@)

Remarks:
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Polymeric Material Characterization Test

Test Lo, 7B~-a
Beam NOs. Not and Recorded Date 32711778
Damping Material MacBond IR1400
Material Thicknress (,0178 cpm Material Density 0.965 L, .4
—_ - — RS g Ry W
Seam Thickness 0.1524 cm Beam Density 2.79% ..
Beam Length 17.78 om
Ternperature Tost Range Setween -17.8 ¢ and 5.6 »°¢C
Freguenty Test Range Botween 10 Yz oana 10 K iz
Loss Factor gt
Peak P00 Hzo ooy 1,338  Tomperaturs 2.2 o
2000 iz s 1,358 Temuveraturs Y1 oa N
i - - o e - ~
Rang 100 iz - { s~ s -
ance 10 z 9.4 _=C 10.0 L
1500 Hz 10.0 o 32.2 o
LOGim= LOutnL)o(ELoc(nRor/nL))/l1o(FRor FROZENS
Te ROM N rL
M A3
30.8 3.2128E+03 54395006 .857 2.45895005
As (LOG(FR)-LOG(FROL) ). C
LOG(ETA)*LIGIETATROL I+ (SL+SHIR+ (SL~SH){1-SQRT (i +AIX21)IC/2
T ETAFROL SL SH FROL C
Bl B2 B3 B4 BS
3e.8 1.358 . 484 -.367 1.6138E¢Q3 .c1%
LOGIFR)sLOG(F)-32(T~ Te)/(SaS/I B8+T-T0)
Remarks
11

l

b il

m
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Polymeric Material Characterization Test
Test lio. 78-12

Beam Nos. Not and Recorded Date 3/20/78
Damping Material MacBonpd IB1401

Material Thickness 0,01524 cm  Material Density _1.103 o/cc

Beam Thickness 0.1524 ¢m Beam Density _2.795 g4/cc

Beam Length 17.78 cm

Temperature Test Rancge: Betwean ~20.0 e and 51.7  og¢
reguency Test Range: Between 10  Hz and 10 KHz

Less PPacteor nD:

Peak 100 Hz A, .25 Temwperature  -6.7  op
L000 iz ng _1.25 Temperature 15.6  op
Range 160 tz ~21,7 °C 12.8 °C
1000 Hz -3.9 °C 37.8 °C

LOGIM) e LOG(ML)I+(2LOG(MROM/NL) )/ (14 (FROM/FRIXSN!
T FROM MRONM N nt

Al Ae A3 R4
20.0 2.5000C+03 8.0000£+06 .500 2.2500£+05

A+ (LOG(FR)I-LOG(FROL))/C
LOG(ETA) LOGIETAFROL)O((SLOgH)A¢( L-Ss)tl-SORT(éOAt!B)))C/E

T8 CETAFROL SL

Bl B2 B3 B4 BS
.250 1,000 -1.000 1.4000E+03 2.500

0.0
LOG(FR)'LOG(F) 12(T7-T@)/(525/1.B+T-T@)
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Polymeric Material Characterization Test

Test No. 78-13

Beam Nos. Not and Recorded Date 3/22./78
Damping Material MacBond IB1622

Material Thickness 0.0203 cm Material Density _1.103__g/cc
Beam Thickness 0.2032 cm Beam Density 2.795 a/cc
Beam Length 17.78 o¢om

Temperature Test Range: Between =31.7 oc and _51.7 °aC

Frequency Test Range: Between 10 Hz and 10 K Hz
Loss Factor Nt
Peak 100 Hz ng 1.3 Temperaturea -15.0 »-

100G &z = 1.3 Temperature 6.1 o
Range 100 tiz -28.9 °¢ -3.9 _°¢

1000 Hz -7.8 ¢ 20.0 o

LOG(M)ILOGC(ML )+ (2LOG(MROM/NL) )/ (1« (FROM/FR)ISIN)
To FROM nROM N mL

Al A2 A3 Ad

20.8 7.2800E+23 8.2000E+9€ 600  4.0000F+05
As (LOG(FR)-1.OG(FROL))-C
LOG(ETA)=LOG(ETAFROL )+ ((SL+SHIA+(SL-SH)I(1-SQRT(1+RAXx2)))C/2

To ETAFROL SL SH FROL ¢
B B2 B3 B4 BS

20.90 1.300 §.000 -.75@ 3.0000£+03 1.000

LOG.FR)*LOG(F)=12(T=T8)/(525/1.8+T-T@)

Remarks:

—
=
_L_!
4
4
-3
3
=
4
E
-4
3
i
3
B
3
3
3
E|

i
3
3
3
1
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Fclymeric Material Characterization Test
Test No. 78-14
Beam Nos. Not and Recorded Date 3/27/78

Darmping Material MacBond 2101

Material Thickness 0.0203 o Material Density _1.049 g/cc
Beam Thickness 0.1524 op Beam Density 2.795 =/cc

Beam Length 17.78 cm

Temperature Test Range: Between =17.8 oc and 93.3 o¢
Frequency Test Range: Between 10 Hz and 10 r#z 3
Loss Factor Tp s
Peak 100 Hz U _1.470 Temperature -9.4 °¢C
1C00 tiz iy 1.470 Temperature 10.0_e°cC
Range 100 Hz -17.8  °C 8.9 e :
1000 Hz 2.2 _e°C 31.1  °oc E

LOG(M)*LOG(NL )+ (2LOG(MROM/ML) )/ (1¢(FROP/FRILEN)
T0 FROM MROM N n

Al Ae A3 Ad
30.0 4.7BB7E+93 9.9865E+06 412 2.2607E+05
A= (LOG(FR)-LOG(FROL))/C
LOG(ETA)=LOG(ETAFROL )+ ((SL+SH)A+(SL-SH)(1-5QRT(1+A%X2))1C2
T0 ETAFROL SL SH FROL C
Bl B2 B3 B4 BS
30.0 . 479 .182 -,355 6.2003E+03 -100
LOG(FR)-LOG(F) ~12(T-T@)/(525/1.8+T-T9)
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Polymeric Material Characterization Test
Test No. 78-15

Beam HNos. Not and Recorded Date 3/30/78
Damping Material MacBond 1IB2107 -

Material Thickness 0.0178 cm Material Density 1.049 o o0

Beam Thickness 0.2013_cm Beam Density 2.795  qlce
Beam Length 17.78 com
Temperature Test Range: Beatween -17.8‘_3C and 93.3 2
Frequency Test Range: Between 10 Hz and __ 10 Kz
Less Factor fp?
Peak 100 Hz n,  1.321 Temperaturs _ 8.3 =0

1000 ilz np 1.321 Temperature  2¢,7 o
Range 100 tHz -3.9 ecC 26,7 oL

1000 Hz 12,8 oC 50.0 oL

LOG(M)«LOG(ML)4(2LOGC(MROM/NL3 )/ (14(FRON/FR)ISIN)
T FROM PROM N ML

Al Al a3 )
60.0 2.6973E+04 9.9986E¢06 280 1.€127€+05
A (LOG(FR)I-LOG(FROL))/C
LOG(ETA)e LOGlETaFROL)0((SL05H)h¢(SL SH)(I SQRT(on:xa))>C/e
T ETA;?OL st oL

2 D B BS
$0.¢ . 321 169 -.325 1.5063E+04 . 300
LOG(FR)e LOG(F) §2(T- 18)/(525/1. BeT-T0)

Remarks:

o H:.‘iﬂi.mmﬁ
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Polymeric Material Characterization Test
Test No. 78-17
beam Nos. hNot and Recorded Date 4/11/7

Damping Material MacBond 1B2130

Material Thickness 0.0203 cm Material Density _1.103 «/co

Beam Thickness 0.1524 cnp Beam Density 2.795 g ier
Beam Length 17.78 cny
Temperature Test Range: Between -31.7 eoc and 93. 3 er¢
Frequency Test Range: Between _ 10 Yz anéd 10 KHz
} Loss Factor n,:
Peax 100 Hz iy .1.408 Temperature  -9.4 e
1000 iz D 1.408  Temperature 8.9 =
i Range 100 H2 -20.6 o 4.4  °C
; 1000 H2 -1.1 Yo 30.0 °e

LOG(H)-LOG(HLyo(ELOGlHROH/HL11/(10(FROF/FR)th,
T FROM MROM N

F'n.

Al A2 A3
90.0 1.0317E+904 B8.7144E4+06 .390 8.11X5€¢05
R*(LOG(FR)-LOG(FROL))/C
LOG(ETA)LOGI(ETAFROL Y+ ((SL+SHIA+(SL~ SH,H SQRT(i+A%%2)))IC/C
T2 ETAFROL St SH L C
B B2 B3 BS
,408 .192 -.358 8. 5782E003 .190@

LOG(FR) LOG(F) 12(T- TO)/(SES/I 8+T-TO)
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Polymeric Matevrial Characterization Test
Test No 79-4
Beam Nos. _060C and _060D_ Date 5/79
Damping Material Soundcoat D - e
Material Thickness 0.0102 oy Materaal Density 0.965%  sroc
Beam Thickness 0.1524 cp Beain Density  2.795 gice
Beam Lenath 17.78 op
Temperature Test Rance: Between  -17.8 e and 148.9 ep
Freguency Test Range: Between i0 Hz and 10 KHz
lLoss Factor n
"D
Feak 100 Hz Miry 0.9 Tempoerature 79,4 <
1000 iiz "D N.9 - Temperature 107,22 c¢
Ranae 1CC Hz 10,6 er 116,67 o
1000 He _ 062.8 ec 150.00 ¢
LOG(M)=LOG(MLI+(2LOG(MRON/NL) )/ (14 (FROM/FRIZEN)
10 FROM MROM N ML
J! A2 AJ A4
75,0  4,0000E+02 1.4000£+06 .200 S.5000E+04
A= (LOG(FRI-LUG(FROL ) /C
LOG(ETA). LOG(ETAFROL)O((SLOSH)QO(SL SH)(1-5QRT(1+A232)))C/2
To ETAFROL SL FROL C
B ne 83 Ba BE
5.0 . 900 (1] -.200 1.8000E+¢] 1.500
LOG(FR) LOG(F) 12(T- ‘0)/(585/1 8+7-7T9)
Remarks: ———-
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Test hc. 80-1
Beam Nos. 080-1 ang 080-2 Date 1/80
Zameing Material Scundcoat M
fiaterial Thickness 0.0127 crm Material Density 1.049 ¢rcc
Beam Thickness 0.2032 ¢p Beam Density 2.795 grcc
Beam Length __17.78 cm
Temperature Test Range: Between =-45.6 ¢ and 65.0 °c

Freguency Test Rance: EBetween 10 Hz and 10 KEHz
Loss Facter -

Peak 100 Hz g 1.5 Temperature _ 32.2 or
1000 Hz ﬂ; 1.5 Temperature 65.6  oc
Range 100 Hz 7.2 “C __57.2 =°C
1600 Kz 44,4 o 101.1 e°cC

LOG(M) e LOG(ML)+(2LOG(MRON/ML) )/ (1+(FROM/FRIXEN)
To FROM MRON N L

Al A A3 A4
-10.0 6.0000€+02 §.5080E+06 .600 3.50080€+05
Ae (LOG(FR)-LIOG(FROL):7C
LOG(ETA)'LOC(ETRFROL)¢((SL’SH)AO(SL-?;SLX-SQRT(I‘R!!E)))C/B
¢

To ETAFROL sL SH
Bi Be B3 B4 BS
-12.9 1.500 .880 -.859 3.0000t+02 1.259

LOG(FR)*LOG(F)-12(T-T®)/(52571.8+T-TQ)

Remarks:
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olvmeric Material CharacteriIzatiosn Test

Test Ho. 78-7

Rear Nos. 080-1 arng 080-2 Date 11/27/79

Damping Material Soundcoat N

W

Material Thickness 0.0127 cw Matarial Densaity  1.049 ¢ co
Beam Thickress 0.2032 cm Beam Density 2.795%  sicc
Lear Length 17.78 ¢y -
Temperature Test Range: Between -31.7 =7 and 93,3 e
Frequency Test Range¢: Between 10 Hz and 10 KHz -
Loss Facter g -
Peak 160 Hz o 1.3 Tenperature <-11.1 e -
1880 iz n 1.3 Temperature 4.4 °oC
Ranue 100 1z =-28.9 = 5.9 e
1000 1z -17.8 ¢ ___26.7 o
: LOG(M)a LOG(HL)#(ZLOG\NROH M)/ {3« (FRCM/FRIBIN)
: To FROM MROA N nL
i a1 a2 A3 Ad
} 75.0 1.4008E+06 9.0000t+06 .32%5 2.0000E+05
v A (LOG(FR!-LOG(FROL))/C
LOG(ETA‘-LOG(ETAFROL)O(xSLépHmHSL SK){1~-5QRT(1+A222))C/¢E
TO ETAFROL S SH FROL c
B1 B2 83 B4 BS_
75.0 1.250 . 350 -.350 4.3000E+05 2.250
LCG(FR)eLIG(F)-121T-T@)/(585/1.8+T-T0:
Romarks
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Beam Nos. _ 060¢ and _Q60C Date 5 )

Damzing Material Soundcoat R -
Material Tliickress 0.0254 o¢ laterizl Density L9510 a,/cc

m Thickness 0.1524 o Rear
m Lencth  17.7 om

Tenperature Test Rance: Between

Fregue:oy Test Range: PBetween 10 Hz and 1 ¢ FHz
.0ss Factor ip
Peaw 0C Bz oo 2.4 Temperature  -12.,: e¢

0 LA Temperature 1.0 »

Ranze 100 Hz -23,3 °C -1.1 e
1C0E Nz -3.9 o 211 “C

LOG(M)«LOG(NL)+(2LOG(MROM/ ML) )/ {1+ (FROM/FRIZEN:
T0 FROM MROM N nL

Al A2 Al Ad
15.8  3.6S68E+03 7.7910F+86 .621 1.2588E+05

A+ (LOG(FR)I-LOG(FROL))/C
LOG(ETA)=LOGIETAFROL )4 ( (SL+SH A+ (SL-SH)(§-SQRT({+ATX2:)1C 2
SL SH FROL o

Te ETAFROL
Be B3

Bl B4 BS
iS.0 2.298 . 429 -.537 1.7768E+03 .2%3
LOG(FR:=LOG(F)-§2:T~ 'remsasu 8§+T-T0)

Perarks — —_—
1 ¢

.

b

b
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i 10
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Pelymeric Material Characterization Test
Test No. 7-11
Beam Nos. _050A and _0508B ' Date 1/26/77

Damping Material Soundcoat Diad 601

Material Thickness 0.0381 cm  Material Density _0.965 g/cc
Beam Thickness 0.127 cm Beam Density 2.795 4/cc
Beam Length 17.78 c¢m

Temperature Test Range: Between =3.9 °c anad 65.6 eC
Frequency Test Range: Between 10 Hz and _ 10 K Hz
I.oss Factor nD:
Peak 100 Hz ay 1.0 Temperature 10.0  =¢

1000 uz in 1,01 Temperature  29.4 ©¢
Rarge 100 Hz -9.4 °or 32.2 e°¢

1000 Hz 29.4 20 57.2 o

LOG(M)eLOG(ML)+(2LOG(MROM/ML) )/ (1+(FROM/FRI$EN)
T FROM ARON N L8

Al R2 RAI A4
40.9 7.3251€+03 1.6863E+07 ,400 2.9765€+05
Re (LOG(FR)-LOG(FROL))/C

LOGUETA)sLOG(ETAFROL)¢ ((SL+SHIA+(SL-GHI(1-SQRT(|+AL32))1)C/2
T0 ETR;ROL gé SH FROL SS

1 B3 B4
40.0 1.019 .700  -.700 2.0000£+03 2.500
LOG(FReLOG(F)-12(Y-T3)/(525/1.8+T-T@)

~J
]
N
2
5
L
u
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Polymeric Material Characterization Test
Test No. 77-18
Beam Nos. Not and Rrecorded Cate 2/10/77
Damping Material Soundccal Diad 606
Material Thickness 0.0381 ocm Material lensity 0,945 ~roc
Beam Thickness 0.1778 cm Beam Densitv 2.795% 4 e
Beam Length 17.78 c¢n
Temperature Test Range: Between 10.0_ »c and 93,3 °C
Freguency Test Range: Between 10 He and 10 KHz
Loss Factor gt
Peak 100 Ez n 1.01 Temperature 38.° S
1000 iz n_  1.01 Temprrature 57.2  =¢
Range 100 Hz 15.6 el ¢8.3 ors
1000 Hz 29.4 e 93.9 _*¢
LOG(M)LOS(ML)+(2LOG(NROM ML) )/ 1+ (FROMFRIZIN)
TQ FROM MROX N ML
al A2 R3 A4
B80.9 2.2000€+04 2.0030£¢07 .350 3.50P"dE+0S
Ar (LOG(FRI-LOG(FROL) )/C
IOG(ETﬂ)-LOG(ETAFROL)*((5L¢5H)RO(SL SH)(1-SGRT(1+AL32::1C 2
T0 ETAFROL SL SH FROL ¢
Bi Be B3 84 85
£0.0 1.010 <409 -.600 J,0000£+04 2.5090
LOG(FRI+LOG(F)-12(T-T@)/(525/1 .8+T-T@)
Remarks: i _ J

179
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Polvmevic Material Characicrization Test
Test NoO. 77-20

eam Nos. 070D and 70k Date 2/17/77

Dampane Matorial Soundcoat Diad 609

vaterial Thickness 0.0400 cp Material Density 0,965 ., 00
Beam Thickness 0.1778 cn Beam Density  2.7985 g/cc
Bean Lencth 17.78 cm
Temperature Test Range: Between 19.4 ec and  121.5 o¢
Freguency Test Rance: Botween 10 Hz and 10 ¥ Nz
1css Factol pt
Poak 100 iz 5, 0.610 Tomperature 37.8 e
1000 #z -, 0.610 Temperature 0.0 o
Rance 100 Hez _10.0 sC 73,9 °C
1000 2z _ 29.4 “C 101.7  °C
LOG(M)Y«LOG(NAL)*(2LOG(MROM/ML) )/ (14 (FROM/FR)ILEN)
To FROM MROM N NL
1 A2 A3 Y]
70.0 C2.0000E+04 5,0000E+07 .300 8,5099€+05
As (LOG(FRI-LOGIFROL) }/C
LOG(ETA)*LOG(ETAFRCL ) ¢ ( (SL+SHIA+(SL-SH) (1 -SQRT(1+A%22)))C/2
Te ETAFROL SL SH FROL C
Bi B2 B3 B4 BS
| . 610 L4990  -.400 2.2500E+03  2.509
‘ LOG(FR)=LOG(F)-12(T~T3)/(525/1.8+T~TQ)
) Remarks
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Polymeric Material Characterization Test

Test NO. 5Q=-2

Beam Nes. 080-1 and  080-2 Date 320780
Damping Material Soundfeil IT12 (Soundcoat)

Material Thickness 0.0259 om Material Censity 1.09% -~
3eam Thickness 0.2032 - Beam Density 2.795 4oo-

i

Beam Length 17.78

emperature Test Range: Betwaen -59.4 o~ andg 65.¢C 2
Treguency Test Range: Between 10 Kz and 10 ¥z

Loss Faceor apg:
Feak 100 5z wy _ 1.010 Temperature =-48.33 oo
1230 :Hz = 210 Temoerazere -2¢,1 > -
Zange 100 Hz  -€5.0 ao  =27.8 .
1000 Nz ~42.8 5n 1.1 e

LOG(H)'LOG(HLI‘(ELOG(HROH/NL)3/(1‘(FROH/FR)xXN)
TQ N ML

Rl a A3 Ad4
~30.0 10.0000€+03 10.0000E+R7 275 1.2500£+05
Pe(LOG(FR)-LOG(FROL))/C
LOG(ETA)= LOG(ETAFROL)0((SL0$H)A6(SL SHI(1-SQRT(1+A%x2)))(r2
TQ ETARFROL S FROL C
Bl B2 83 B4 BS
-30.9 .910 L7090 -1.250 2.0000E+03 1.5¢€9
LOG(FR)-LOG(F) 12(7T- TO)/(SES/i 8+T-TO)

Remarks:
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Polymeric Material Characterization Test
Test No.
Beam Nos. 060C and 060C Date 5/79
Damping Material 3 IsSD 110
Material Thickness 0.0127 ,.pn daterial Density _0.965 g/cc
Beam Thickness 0.1524 cm Beam Densiry 2.795 «/cc
Beam Length 17.78 cn
Temperature Test Range: Between -17.8 °c ancd 121.1 °oC
'reguency Test Range: Between 10 Hz and 6 ¥tz
Less Factor Tyt
Poak 100 Hz p 1.14 Temperature 43,3 °C
1009 iiz i 1.14 Temperature 60.0 o
0o
Range 100 #= 18,3 °C 82,2 the)
1000 H= 29.4 °¢ 110.0 °c
LOG(M)sLOG(NL)+(2LOG(MRON/NL) )/ (14 (FROM/FR)IXEN)
1o FROM FIRON N ML

A=

Al A2
79.9 5.0000E+@3 2.0000t+06
‘LOG(FR)I-LOG(FROL))/C

A A4
.35° 5.5000L+04

LOC(LTA)'LOG(ETQFROL)é((SLOSH)AQ(SL-SH)(l-SORT(éoR!!E)))C/B

Te ETAFROL 5L SH FROL
B1 B2 B3 B4

Zemarks:

70.90 1,300 .350 -.400 2.0000E+03
LOG(FR)*LOG(F)~-12(T-T@)/(525/1.8+T-TB)

BS
c.00@

Composite structures made with this material should

heat-soaked

between 51.9°C and 65.0°C for

at least one

hours to

mmsure good

adhesion.

Thermogravitational analvysis

{(TGA)

revealed sianificanrt

cecomposition bealnning at 240°C,

[
\J

[(OR}
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Polyvmeric Materizl Chavecterization Teost
Test No 79-3
Beam NoS., 060C ané _ 060D Date 5/79
Camping Material 4 1sp 12
rMaterial Thickress 0.0127 ., Materiel Density 0.965 grec
Beam Thickness 0.1524 ¢m Ream Density 2.795 o

Bear: Lencth 17.78 onm
Temperature Test Range: Between -31.7 oc and 93.3 op

Freguency Test Range: Between 10 Hz and 10 KHz

Loss Factor ot
Peak 100 b= N 1.08 Terrperature 7.2 eC
1000 iiz "y _1.08  Temperature _ 29.4 ¢
Range 100 uz -12.2  oc 35.0 op
1000 Hz 4.4 °c 76.7 °C

LOG(M)=LOG(ML )¢ (2LOG(MROM /ML) )/ (1+(FROM/FRILEN)
TQ FROM MRON N

ML
Al A2 Al R4
40.0 2.0000E+04 4.7500£4+06 .275 6.0000E+04
As (LOG(FR)~LOG(FROL)/C
LOG(ETA)=LOG(ETAFROL )¢ ( (SL+SH)A+(SL- Sh)(l SORT(!*A!!B))lC/E
T0 ETR:ROL gé gg FROL
1

B4
.080 .458 -.55Q0 5.0000FE+03 a.see
LOG(FRJ LOG(F) f2(T- Te)/(seS/i.aor T9)

Remarks: vhermogravitational (TGA) annlysis

revealed significant decompositicn of this matarial beainnina

at 250°¢C
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Peivmeric Material Characterization Test
Test No. 7/-0]
' Seam Nos. 0700 and 0701 NDate 574777
Damping Material 18D 113
3
Materisl Thickness  0.013  op Material Tensity 0.969 o oo
Rogm Thicxnress 0.178 o Rearnr Density 2,795 c o0
Bear: Lencth 17.°8 crm
3 Temperature Test Range: Between -36.1 °c and _65.¢ °oC
Freguency Test Rangoe: Botween 1 Hz and 10 K kZ
. Tt )
Loage ractor r_D.
Peak 100 Hz D 1.25 Temperature -1%  cop¢
1000 iz 1.25 Temperature 10 ep
Fanau 1035 Kz -35 ec 12 e
1G00 iz 35 e =15 o

LOG(M)=LOG(ML)+(2LOG(MROM/ML) )/ (1+(FRON/FRITXN)
To FROM MROM ML

N
3 A2 A3 Al
10.0 2.0000C+04 2.0000E+9d? .300 7.5000t+04
A (LOGIFR)=1.LOG(FROL))/C
LOGUETAI+LOG(ETAFROL I+ ((SL+SHIR+(SL-SH)(1-SQRT(1+AXX2)))C~2
To ETAFROL sL SH FROL C
B1 Be B3 B4 BS
10.9 1.250 .800 -1.000 2.5000E+93 3.000
LOG(FR)LOG(F-12(T-T@)/(525/1.8+T-T@)
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Felvmeric Material Characterization Test
Test Mo, 79-5
Beam Ncs. 060C and 060D Date 6/79 .
Damping Material 38 ISD 113 (Modified)
Material Thickness 0.0127 . Material Density 0,965 &/cc
Seaw Thickress (0,1524 cn Beam Density _2.795 qce _
Eeam Length 17.78 cm
Temperature Test Rancge: Between -45.6 °C and 65.6 °C
Freguency Test Rance: Between 1¢ "z and 10 K Ez
loss Factor nD:
Peak 10 H “n 1.5 Temperature -7.0 e
1000 iz "y 1.5 Tempzorature -1.1 e
3 .
Rance 10C¢ Hz -31.7 e -6, 7 op
10086 Hz -12.2 < -1.1 e
RATERIAL 1MOD, 18D 113
! Loccm-LoamLmeLoo(mon/m.))/(mrnon/rnmm
: FROM HL
AL
10.¢0 7.500’!003 5 W’OG .385 0.“0‘004
A+ (LOG(FR)-LOG(FROL)
LOG(ETR)ILOG(E TQROL)H(SLOSNJM(SL-SH)H SQRT(1+A3%2)))CrR
To ETAFROL SL RO [
| 31 | I l3 17
10.6 1.599 s 300 3. 50005003 300
LOG(FR)ISLOG(F)-12(T~ TO)/(SBS/! B*T 1
Aemarks )
SRS
. —_—
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Polymeric Material Characterization Test E
Test No. /8- 3
Beam Nos. _ Not and Recorded Date 1,/3/78 :
Pamping Material 3 18D 830 -
Material Thickness 0.152 opmy elaterial DRensity _0.965 agice i
Beam Thickness 0.1524 op Beam Density _ 2.795 q/CCJ

Beam Lcnoth 17.78 om

i

Temperature Test Rang

1)
03]
It
T
-
2
o
%]
=
]
!
A
f;’
o
)
v
=
[
i
o
]

Freuuency Test Range: Baetween 10 Hz and 10 HEz

Loss Factor n,:

o

Pioax 130 o iy 1.6 Temporature  -61.1  °p :
1600 z 1.6 Tombordsure ~33,33 " *

Fange Z00 iz -(2,2 =2 -48.33 »° :
13¢¢ ; __;:i;;;é_ O -17 —5* e

LOG(M)=LOG(ML)+(2LOGLMRCY /ML Y ) /(14 (FRON/FRIBEN:
To FROM PROM N rL

Al Al A A4
-15.8  1.20008E+04 2.0000E+07 .580 4.0000E+05
A= (LOG(FR)I-LOG(FROL)Y)/C
LOG(ETR) =LOGIETAFROL Y+ ({SL+SHIAR«(SL~ SH‘(I -SQRT(1+AXX2)))C 2
10 ETAFROL SL SH FROL c
Bl Be B3 B4 1
-16.9 .660 450 -~.990 8.0000€£+03 .500
LOG(FR)» LOGfF)-le T-7@)/1535.1.8+7-T@)

Romarkz: Heat soak - ten miputes_at 350°F {(180°C.,
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0.0381 cm Material Density 1.187 =.cc
0.2032 cp Ream Density 2.795 arcc

17.78 ¢

Temperature Test Range: Between -45.6 ec and 65.6 oC
Treguency Test Ranaoe: Between 10 ilz ana 10 KKz
i.ose Factecr r.o:
4

Peak 100 Hz ., 1.7 Teryrerature =20.0 ec

1000 iz o 1.7 Temperature  -1.1 e°C
Range 100 iz -37.2 e¢ -6.7 c¢

1000 ¥z -17.8 «¢¢ 15.6 e

- ~ 4=t

SEMAarxKs:

LOGUM)«LOGIML )+ (2LOG(MROM/ML) )/ (14 (FROM/FRIZEN:
70 FRON NROMN N

mL
At a2 A3 -]

10.9 9.1000£+03 3.2000E+97 .320 4.4800E+0S
AS(LOG(FR)-LOG(FROL)I-C
LOG(ETR)I*LOG(ETAFROLI#((SL+SH A+ (SL-SH)(1-SGRT(+A882))C 2

TO ETAFROL SL SH FROL c
B1 B2 B3 B4 BS

1.9 1.700 .5608 -.510 2.8000E+03 1.05@

LOGtFR)«LOG(F)-{2(T~T0Q)/{525/1.8+T-T2)

Lectite 404 was the only adhesive found that adegu

1tely

adhered

the material to the beam.
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